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LESSON PROGRESS CHECKS 

Record your answers in tht* spaces provided. When you have completed 
a \e^>c ' progress check, compare y^ur answers to the correct answers. 
The correct answers are located at the end of each module along with 
plank pages for notes. 



IF YOUR ANSWERS ARE ALL CORRECT, GO ON TO THE NEXT LESSON. IF NOT. 
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THAT LESSON UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 



Vl 



Progress Check 



2. 



PROGRESS CHECK 
LESSON t 



Electric? ty and the Electron 
1. Label the three particles indicated. 




If a neutral atom contains 10 protons and ]k neutrons, 
it should contain: 



a. 2k electrons. 

b. 10 electrons. 

c. 14 electrons. 



3- The atomic particles which orbit the nucleus are: 



a. protons. 

b. neutrons. 

c. electrons. 



The nucleus of an atom is composed of: 



a. electrons and neutrons. 

b. protons and electrons. 

c. protons, electrons, and neutrons 

d. neutrons and protons. 



5. Protons and electrons normally are: 



a. equal in number. 

b. equal in size and weight. 

c. found in the nucleus. 
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6- Electron novement is theoretical because: 

a. the effects of electricity are unpredictable, 

b. the existence of electricity is not positively known. 

c. electron flow or movennfnt cannot be directly observed. 



7- Which statement(s) is/are true? 

a- The neutron is the lightest particl ''ound in the aton. 

b. Electricity is explained by the mc -nt of protons- 

c. The electron is the most mobile atomic particle. 

d. All atoms have the same atc^ic structure and contain 
the sa«t»e number of electrons, protons, and neutrons. 

e. Atoms may differ from each other in the numbers of 

electrons, protons, and neutrons wh ch rr^ke up their 
structure. 
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PROGRESS CHECK 
LESSON M 

Electron Movement 



1. Label the atomic particles* 




2. State the Law of Charged Bodies: 



3- Match. 



1 . two protons 

2. proton and electron 

3. (*) and (-) 
two electrons 

5. positive and negative 

6. (+) and (+) 

7. 1 ike charges 

8. unl f ke charges 
negative and negative 

10. positive and positive 

1 1 . two neutrons 



a. attraction 

b. repul sion 

c. neither 



Match. 



I. 
2. 

3. 



weakest attraction to nucleus 
greatest attraction to nucleus 
easiest to free fron its atomic 
orbit 
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5. Which correcUy describes 'Vandom drift?* 

a. the general movenent of electrons in one direction through 

a w i re . 

b. the occasional straying of electrons from one nuclear 

orbit to another in the same atc^. 

c, the undirected movenent of free electrons in a wire. 

d. the haphazard iwvement of atoms In a wire. 



6. Whi' ' correctly describes ''free electrons?** 

a. electrons which are no longer attached to an atom. 

b, electrons which mak^ up the outermost shell of an atom. 

c. electrons which have become attached to another atom's 

nucleus . 



7. When an electron is removed from a neutral atoni the atom becomes 

a/an : 



a. negative ion. 

b. positive ion. 

c. uncharged ion. 

d. free ion. 



8. The energy required to free an electron from it's parent atom 
is known as: 

a. potential energy. 

b.' atomic energy. 

c. ionization potential - 

d. electromotive force. 



Sound/Si ide 
Constructing a i^imple Circuit 



Self-Tefit 

Module One - Lesion lli 



1- In the sff^ple circuit, vvhat device acts as the source? 
Answer 

2. What device acts as the toad? 
Answer 



3* What is Che function of the source? 
Answer 

In a de-energized circuit, the switch is in the 

pos f t i on . open/closed. 

5- The **b1uepr int** or plan used for constructing a simple circuit 
is cal led a ^ diagram. 

6. The negative terminal of a dry cell is the terminal 

of the cell. on the outer edge/ 

in the center 

7- When wiring a circuit, the switch should be , 

open/closed* 
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PROGRESS CHECK 
LESSON HI 

Current Flov. 

1. Draiv a schematic of the circuit shown below. 



4^ 




2. Which arrow correctly shows the direction of current flow? 




3. Which correctly describes electron current flow? 



a. free electrons moving in one direction. 

b. the directed drift of positive and negative charges through 
a wi re * 

c. the drifting of outermost electrons away fror. their atomic 
nuclei . 

d. the random drift of electrons in a conductor. 
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Progress Check 

In which Circuit will Current f\o^1 



One-ii I 




Progress Check One- It I 

5- Match. 



1 . ce 11 a • 

2. switch 

3- lanp b, — VW^ 

^. conductor 



c. ^ "@) 

d. « 



f — (I — 



6* Which arrow points to the negative terminal? 



1 



7. Which statenient(5) is/are true? 

a. Current will not flow in a circuit unless there is a ccxnplete 

path. 

b. When a circuit is closed, there is an incomplete path. 

c. A circuit Is open when there is an Incomplete path, 

d. Current flow In a conductor is from positive to negative. 
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PROGRESS CHECK 
LESSON tV 

Measurenwnt of Current 

1. Hovv many electrons constitute a coulaub of charge? 



2. When two coulombs of charge pass a given point in one-half second, 
the current is: 

^ a. 2 amperes, 

b. k amfwres. 

c. 0.5 amperes. 

d . 1 ampere. 



3. Which formula is used to determine current flow? 
a. Q - I 



b. I - I 

c. I = 0 X t 

d. t » Q X I 



k. Convert to scientific notation. 



a. 210 

b. 0.0431 

c. 83,000 

d. 0.001 



5. Convert to Hpcimal nun^ers. 
,3 



a. 10 

b. lO"^ 

c. 10"^ 

d. 10^ 
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One- IV 



6. Convert to amperes {use scientific notation). 

a. 20 ma 

b. k ma 

c. 5 a 

d. 30 -.a 



7. Convert to microamperes (use scientific notation) 

a. 0.003 a 

b. 0.010 a 

c. 0.00000^ a 

d. 0.000020 a 



10 

ERIC 



Sound/Slide 



The Ammeter 



Self-Test 

Module One - Lo->^0'^ V 



1. The unit of measure for current fs the 

2. On an an^neter, the black terminal is and the red 
terminal IS . ' 

3. What indicates that an anvT^ter is connected with incorrect polarity? 
Answer: 

When an afreneter is to be connected into a circuit, the first step is 

5- When an ammeter is properly connected into a simple circuit, the 
meter is connected so that: 

a, only a small amount of the total current will pais through the 
meter. 

b. all of the current flowing in the circuit will pa s through the 
meter. 

Answer: 

6. Amilliampere is equal to ampere{s). 

7. The name for one millionth of an ampere is one ampere 
8- It is good practice to select a meter having a range 

than you expect to measure. greater/smal ler 
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PROGRESS CHECK 
LESSON M 

The Anvneter 



1. Label the parts of the ammeter. 



fia> BLACK 



— £ a- 



2. Which statement(s) is/are true? 

a. The basic unit of electron current Is the ampere. 

b. When rTieasurinq current, the an^eter must be connected in 
para 1 lei . 

c. The ammeter Is used to measure cou tombs per second and 
is represented schematically by— ^aV— 

d. Polarity must be observed when connecting the anweter into 
the circuit. 

e. Current readings will be higher when the anvneter Is connected 
near the negative terminal of the cell than when connected 
near the positive terminal. 

3. Which meter is properly connected for taking current measureit^nts? 
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k. Which correctly lists the steps for hooking up an amn^ter and 
recording current? 

a. (1) Place switch in closed position. 

(2) Break circuit and connect meter in series (observe 
polar! ty) • 

(3) Place switch in open position and take current read! 
fa* (1) De-energize circuit. 

(2) Connect leads, placing the meter in series and 
observing polarity. 

(3) Energize circuit and take current reading. 
c. both 

d. neither 



5- Build the circuit shown below. Then record the current in the 
blank below. 



Tl 



T2 
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PROGRESS CHECK ANSWERS 



MODULE ONE 



LESSON I 



1 . a. 

b. 

c . 
2. b 
3- c 
I*, d 

5. a 

6. c 

7. c, 



electron 

neutron 

proton 



5. 
6 



LESSON M 

a. proton 

b. neutron 

c. electron 

Like charges repel and 
unlike charges attract. 

1- b 7-b 

2- a 8-a 

3- a 9-b 
k-b 10-b 

5- a 11-c 

6- b 

1- a 

2- c 

3- a 
c 

a 



7. b 

8. c 



LESSON ill 



1 . 



2. b 

3. a 
it. e 

5. 1-e 

2- d 

3- c 

6. a 

7- a, c 



LESSON IV 

1. 6,250,000,000,000,000.000 or 6.25 x 10 
electrons 

2. b 

3. b 
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i». a. 2.1 X 10^ 

b. i».3l X 10 

c. 8.3 X 10^ 

d. 1 X 10"^ 
5. a. 1000 

b. 0.1 

c. 0.001 



-2 



d. 100,000 
6. a. 2 X 10 



-2 



b. k K lO'^a 

c. 5 X 10*^3 

d. 3 X lO'^a 



o 

ERIC 



7. a. 3 X 10^1^3 
b. 1 X 10 



d. 2 X 10 Ma 



PROGRESS CHECK ANSWERS 



MODULE ONE 



LESSON V 

1. a. positive termira) 
b. pointer (need1<0 
C. negative termi ia1 
d. nieter dial (scale) 

2. a, c, and d 

3. c 
k. b 

5. About 0.2 amps 



IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT. 
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING 
THE PROGRESS CHECK AGAIN. 
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MODULE TWO 

PROGRESS CHECK 
LESSON I 

EMF Fron Chemical Action 



t. Match. 



1. carbon electrode 

2. negat ive terminal 
3- zinc electrode 

k. electrolyte 

5. post t ive ter^ninal 




^^^^^^ 




2. Current flow inside a dry cell is fron: 



a. positive to negative 

b. negative to positive. 
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3. Identify the kind of cell connection used !n each circuit and 
the dnx)unt of voltage being applied to tne latr^. 



a. 



Jv5V Jl-SV Jl.5V 

T T T 



cell connection: 
voitage at lamp: 



b. 



c. 




Jlsv 



(I 



eel I connection : 
voltage at lamp: 



cell connection: 



voltage at lamp: 



Which statement (s) is/are true? 



a. Terminals of the opposite polarity are connected together 
in a series aiding connection. 

b. Terminals of the same polarity are connected together In a 
series opposing connection. 

c. Both. 

d. Neither. 



5. Which statement (s) about electrwrot Ive force Is/are true? 



a. EHF is a force which tends to move electrons. 

b. EMF is the same as voltage. 

c. EMF Is generated by the ch^lcal energy released as a 
result of mecl^nical yMfk on the cell. 

d. EMF causes an accunujlatlon of opposite charges on a 
celTs terminals. 
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Progress Check 
6. Mulch. 



Two- 1 



1 . Vol tage a. V 

2. Electromotive Force b. E 

3. Volt c. £MF 



7. Match. 



1. 



a. Series-aiding 

b. Series-oppos ing 

c. Parallel 



k 



3. 




5. 
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8, Convert to volts. (Use scientific notation.) 

a. 10 mv vol ts 

5 V volts 

c- k kv volts 

d. 30 Mv volts 



9. Match. 



1. 3 V a. 0.005 

2. 5000 Kv b. 30 ; v 

3. 0.03 niv 12 kv 
A. 5 mv d. 5 Mv 

5. 0.000003 V e. 0*003 

6. 0.012 Mv 

7. 12,000 V 



iO. Convert values as indicated. 

a. 5 volts to millivolts 

b. 1 volt to microvolts 

c. k millivolts to mtcrovol ts 

d. k volts to kilovolts 

5 X 10^ volts to n^gavolts 

f . 3 megavolts to kilovolts 

g. 1000 millivolts to volts 

h. 1 microvolt to volts 

i. 2 microvolts to millivolts 

k 

J* 3 10 kilovolts to megavolts 
k. 1 kilovolt to megavolts ^^^^ 
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PROGRESS CHECK 
LESSON ii 

Magnetism 

I. Which set of magnets will be attracted? 
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3. Whic^. i^tatenent (s) is/are true? 

a. Opposite poles of a magnet have opposite magnetic polarity. 

^ b. The force of magnetic attraction of a magnet is uniform 
throu4jhoul the niagnet- 
c ■ The magnetic attraction of a magnet is greatest at its 
center. 

d- The magnetic force of a magnet Is present only at its 

poles. 

e. The magnetic force of a magnet surrounds the magnet in a 

field. 



4. Label the unmarked bar magnets with N or S. 



a. 



N 



5. Which correctly states the Law of Magnetic Poles? 

a . Lines of force rep- 1 each other. 

b. Like magnetic poles repel; unlike poles attract. 

r- Magnpflc attraction will always be str<rigest at the poles 

Lines of magnetic force are polarized. 



Progress Ch^ck 
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6, Which btater.icnt (s) ts/are true? 

a. The strength of a magnetic field at any point is indicated 

by the flux density. 

Flux density for any magnet Is greatest at its poles. 

c. Flux density increases as distance from the poles increases- 

d. A strong magnetic field contains few lines of flux. 

e. The attraction for a piece of iron is strongest where the 

flux density Is highest. 



7- Around a fragnet, the external lines of force: 

a. leave the magnet from the north pole and enter the south 

pol**. 

b. often cross each other. 

c. leave the magnet from the south pole and enter the north 

pole. 

d. may be broken by a piece of iron shielding. 
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Sound/Sl ide 
E 1 ec t romagnet i c t nduct ion 



Self-Tebt 

j^lti T..C - I I 1 

1. The left-hand rule Is used to determine the direction of flow 

in a generator. 

2. When using the left-hand rule for generators^ the thumb poifits in the direc- 
tion of , and the first finger in the direction of the 

. The center finger will point in the direction of 

* 

3. If the field is moving rather than the conductor, the 

should point in the direction of mot Ion of' the conductor. 

4. A r-agnetic flpld is always visualized as having a direction that is from 

to 



ujnos * u|3 jou i SA I 3©! aj ' qtunqj • £ i ( japjo 
jem ui) juajjnD *)cn*^ jo Piafi *uoj3ou] jo jsnjqi fiu^jjno 
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PROGRESS CHECK 
LESSON lit 



Electromagnetic Induction 
1. Electromagnetic induction is: 



a. the process by which magnetism is produced by an electric 
current flowing through a conductor. 

b. the generation of tMK caused by a difference in charge 
between two points. 

c. the moverwnt of electrons or current through a conductor. 

d. the action which causes electron displacement in a con- 
ductor when lines of force move through it. 



2. List the three factors that determine the amount of induced EMF. 

1) 

2) 

3) — 



3. Which correctly illustrates the Left-Hand Rule for Generators? 



Flux 



MOVEMENT 




EL^IRON 
MOViiMLNT 



c 




riux 



d. 



ELECTJtON 
MUVE^£NT 
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Two-H I 



6. Electrons will flow from: 

a. A to B 

b. B to A 

c. C to B 



d. D to C 




7. Which statement(s) is/are true? 

a. Decreasing the speed of the conductor through the magnetic 

field results in more EMF- 
_ b. A magnetic field is stronger If the flux density Is 
i ncreased . 

c. If the ^^nsiigch of the magnetic field Is Increased, EMF 

wi i i decrease. 

d. If the number of turns of wire {or loops) In a n«gnetic 

field is increased, more EMF results. 
e- EMF is greatest when the conductor Is moving parallel to 

the 1 ines of flux. 
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PUOGRESS CHECK 
LESSON fV 



Generating AC Voltage 



1. For the sine wave shown, hav much time is required to complete one 
cycle? 





( 1 1 
. » i f / 

v < \/ 


t \ 


1 1 
i t 
t t 
t t 
1 1 


1 


i 3 N 




7 la 


1 

1 




1 \ 


{ /i 


1 








t 


1 1 « 


( 1 


1 1 



a. k seconds 

b. 8 seconds 

c. 2 seconds 

d. 6 seconds 




3. If the time required to cwnplete one cycle is 1 millisecond, 
the frequency of AC is: 

a. 10 Hz. 

b. 100 Hz. 

c. 1000 Hz. 

d. 10.000 Hz. 



k. List the two factors which determine the frequency of a generator. 



1) 
2) 
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Progress Check 

5* Induced EMF v;ou1d be naximum at: 




MOTION 




MOTiON 





mix UNfS 



mix IMB 



HUXLMB 



FLUX Lil«S 



MOnON 



Two-fV 



6. Whar is the peak-to-peak value of the sine wave shc»vn? 
60V - 



60V - 




peak-to-peak 
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Progress Check 

7. Which correctly describes a cyc^e? 



Two- 1 V 



a. one at ternat ion 

b. two alternations 

c. three alterndtluns 

d. four alternations 



8. Most AC meters are calibrated in; 



a. average values. 

b. peak-to-peak values 
c- effective values, 
d. amplitude values. 



9. Match the lettered parts of the graph to their appropriate terms. 




1 . s i ne wave 

2. cycle 

3. alternation 

negative peak amplitude 

5. positive peak amplitude 

6. zero EMF 

7. effect ive value (RMS) 

8. peak to peak amplitude 

9. period 
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Two-fV 



10. Which ^tateitH^nt (b) is/are true'/ 

3- The nunber of cycles per second is called the ampHcude. 

The peak value of a sine wave is the maj^imum positive 

or r'^axl u': negative value attained during one cycle, 
c. One cycle of a sine wave is produced each time a simple 

AC generator rotates one complete revolution. 
A.*; voltage values are usually expressed in effective 

values . 



IK The symbols used to represent instantaneous values of current 
and vol tage are : 



a. 


J, 


E 


b. 




e 


c . 


• 


e 


d. 


• 

« f 


r 
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Sound/Sl Jde 
AC'OC Generator Operatton 



Self-Test 

Module T.vo - Le*-^on V 

1. List the three requ i ren^ent ^ for electromaynet ic induction to occur. 
There -'us: be: 
a. 
b. 
c. 



2. A generator Is a device ubed to convert 
energy. 



3. A« AC ^jenerator ivill have 
hav«; • 



energy into 



while a DC generator will 



U. Inside the wire loops (coils) of either an AC or DC generator^ the 

direction of current is ^ • 

constant/changing periodical iy 

5. Draw a graph of the current inside the wire loops (coils) of a generator. 



a. for 90 rotation 



H 1 1 f 



90" 180" 270* 360' 



b. for 270 rotation 



6. The current is n^pcimum at: 



H ^ 1 1- 

90" 180" 270- 360* 



a. 0, 180 , and 360 

b. 90° 

c. 90° and 270° 




! ( japjo Ajp u I ) 




3 '9 



•«;6uij dij^ *£ t (japjo jeqj uj) teoiJ^osta '{eojuBMOau -3 
cojiou; aAjie|aj '3 'pfai} :;H3u5etii e *q 'jojonpuos e -e ■ ^ 
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PROGRESS CHECK 
LESSON V 

Uses cf AC jnd PC 

1. Match the lettered part!s in the diagram to their appropriate 




1 . 


arnaturc 


2 . 


slip r i nqs 


3- 


bf usheb 


k. 


rotating loop 


5. 


creates I Jnes-of-f lux 


6. 


rnagnet 



2. Another nane for an AC generator is: 

a. stator. 

b, alternator. 

^ c. con^utator, 

d . rotor. 

e • CROW model - 



Progf'tfss Check 



Tivo-V 



3. The brushes that carry current from the slip rings to the 
Outside circuit are usually made of: 

3 . lead , 

b . 2 1 nc . 

c- copper. 

d. carbon. 



k. Which statement(b) is/are true? 

3". A con^utator is a switching device. 

b. Slip rings are normally made of copper. 

c. A commutator is used to change DC to AC. 

d. Slip rings are used in a DC generator. 



5. Label the polarity of the brushed. 




Progress Check 



6, Which diagram shows the output v;dveform taken from a comnxjtator? 




7- *latch. 

1- usuaPy used for transmission over a. AC 

great distances with low loss of 
e;,ttrgy 

2. the output generated does not vary 

in direction 

3- generator has its contact ring b. DC 

divided into segn^nts (commutator) 

^. generator has ilip ring which trans- 
mits EMF to the load 
_ 5- voltage may be inc*eased or decreased 
in value with a low loss of energy 

8. In what positicn of the commutator would induced EMF be 
max imum« 

A. B. 




Sound/Si J de 
Voltage Measurement ^ The DC Voltn^ter 

Self-Te^t 

Module Two - Lesson VI 

t. When a f-ieter is said to be "polarity sensitive/' It make 

does/does not 

a difference which lead is connected to the positive or negative side 
of the ^ource- 

2. DC voltmeters ''polarity sensitive/* 

are/ar^ not 

3. The red lead should be connected to the side 
of the source* negative/positive/either 

A vdtrneter is connected in with the component across 

series/para! lei 
^it^ich vottaqe is to be measured. 

5, When measuring the voltage across the load, the voltmeter is connected 

so that: 

a. all of the current flowing through the load flows through the meter. 

b. a snail part of the current is passed through the meter. 



q q i|ajtejed tSAijisod -£ is-ie fsaop 'i 



38 



Progress Check 



Two- VI 



PROGRESS CHECK 
LESSON Vi 

Measuring Voltage 

1. Which schematic shows the voltmeter correctly installed? 



A. 



£2i 



G Q 



B. 



T G 




1-0 



2. To measure DC voltages, a voltmeter must be connected: 



a. in series with the load being measured* 

b. in parallel across the component or source to be nwasured* 

c. across a potential difference. 

d. with its red lead to the negative side of con^onent being 
measured and Dlack lead to the positive side. 



3' Between what points can voltage be treasured? 



a. A and 6 

b. A and 0 

c. B and C 

d. A and C 

e. C and E 
f- D and E 



jr 
J- 

" [7 



G 



^. What is the potential difference across the lamp? 



UV 15V 



vol ts 
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Progress Check 



Tvvo-VI 



5. Which ^tatement(s) is/are true? 



a. Voltage can be measured only :ross a potential 
d i f f erence. 

b. A difft'rence in potential exis' i where EMF is generated 



and where energy is used by the load, 
c. The schematic symbol of a voltmeter is 




d. Polarity must be observed when measuring DC voltage. 

e. A voltage drop occurs where EMF is generated. 

f. A voltage rise occurs at the voltage source. 



6. To which point in the diagram would the negative terminal of 
the voltmeter be connected? (Circle your answer.) 

A B 



7. What is the total EMF produced by the two batteries? 

[ — "B EMF = volts 

6v 3v 



8. What is the potential difference between points A and B7 



6v 



a. 6 vol ts 

b. U.S volts 

c. 7-5 volts 

d. 1.5 volts 



9, Complete the table: 
Voltage between: 



A8 


SC 


CD 


AD 











1.5v 



kv 3v 6v 



ho 
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Two- VI 



10. Which of these meters would be most useful for measuring 
0.000070 volts? 



a. 



b. 



c. 







11- Which meter(s) is/are correctly connected for measuring DC voltage? 



a. meter #1 

b. meter #2 
c- meter #3 

d. rr^ter 0k 

e. meter #5 



^ ^3 (V] 

r"®n 



12. Label the polarity of the voltmeter terminals 



i 



BLACK 




b. 



ERIC 
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Two- VI 



13. Using PB 0-1, build a simple circuit according to the schematic below. 

Ti n 



r 

I 



(5)nsi 



18 T7 

Energize the circuit, then measure and record voltage: 
a. at the source (betv^een TI and T8) . vol ts 

vol ts 

vot ts 



across the load. 



c. across the closed switch. 



De-energize the circuit, then measure and record voltage: 

d. at the source (between TI and T8) . volts 

vo) ts 

vol ts 



e- 
f . 



across the load. 



across the open switch. 
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PROGRESS CHECK ANSWERS 



MODULE TWO 



LESSON I 



LESSON I (Cont'd) 



1. 


1-d 




10 


. a. 


5,000 or 5 X 10^ mv 




2-a 






b. 


1 ,000,000 or 1 X 10^ . v 




3-b 






c. 


^,000 or i» X 10^ .V 




k-e 






d. 


0.00^ or X 10"^ kv 




5-c 






e. 


5 Mv 


2. 


a 






f. 


3,000 or 3 ^ 10^ kv 


3. 


a. parallel, 1 


• 5 vol ts 




g. 


1 V 




b. -series, 0 volts (opposing) 


h. 


0.000001 or 1 X 10"^ V 




c . ser 1 es , . 3 


volts (aiding) 


• 


0.002 or 2 X 10 mv 


k. 


a, b, c 






j • 


30 Mv 


5. 


a. d 






k. 


0.001 or 1 X 10'^ Mv 


6. 


1-b 












2-c 












3-a 






LESSON -j 1 


7- 


1-c 




1. 


b 






2-c 




2. 


a 






3-a 




3. 


a, 


f 




it-a 




^. 


a . 


N 




5-b 






b. 


N 


8. 


a. 1 X lo"^ V 




5. 


b 






b. 5 X 10*^ V 




6. 


a. 


b. e 




c. X 10^ V 




7. 


a 





9. 



d. 3 X 10' 

1- e 

2- d 

3- b 

4- a 

5- e 

6- c 

7- c 



1 

2 



LESSON III 
d 

1) strenglh of n«gnetlc field 

2) speed of teldtlve motion between 
conductor and magnetic field 

3) length of conductor in magnetic field 
c 
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PROGRESS CHECK ANSWERS 



MODULE TVO 



LESSON III (Cont'd) 



5. 



6. 

7. 



1 . 
2. 

3- 
U. 



5. 
6. 

7. 
8. 

9. 




LESSON IV 



a 
a 
c 

1) the speed of rotation 

of the armature (coil of 
wl re) 

2) the number of pairs of 
magnetic poles in the 
generdtor 

a, c 

120 volts 

b 

c 

1- H 

2- D 

3- E 
^-C 

5- H 

6- A 

7- F 

8- G 

9- 0 



LESSON iV (Cont'd) 

10. b, c, d 

11. c 

LESSON V 

1 . 1-B 

2- D 

3- C 
i»-B 

5- A 

6- A 

2. b 

3. 
k. 

5. 



6. 
7. 



8. 




ERIC 



PROGRESS CHECK ANSWERS 



MODULE TWO 



LESSON Vt 



6 

o, c 



3. 


a, c. 


d, f 








0 V 








5. 


a, b. 


c. d, f 






6. 


A 








7. 


9 volts 






8. 


b 








9. 


Mi". 


BC 


CU 


AD 1 




3v 


6v 


- 1 



10. c 

11. a, c 

12. a. (-) 
b. {■.-) 

13- a. 3 volts (approximate) 

b. 3 volts (approximate) 

c. zero volts 

d. 3 volts (approximate) 

e. zero volts 

f. 3 volts 



IF YOUR ANSWERS ARE ALL CORRECT, TAKE THE MODULE TEST. IF NOT. STUDY 
ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING 
THE TEST. 
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PROGRESS CHECK 
LESSON I 



Character ibticb of Rebiblancti 



2. 



3. 



5- 



List three factors chat determine the resistance of a conductor. 



Which is the poorest conductor? 

^ d« gold 

b. copper 

c. aluminum 

d* carbon 

e. silver 



A n^tertal is a conductor because: 

a. its atOTS can easily accept and give up electrons. 

b. its atoms do not readily accept or give up electrons. 

Define resistance. 



The letter abbreviation for resistance is and Its unit 

of measurement symbol Is - 



Which section of copper wire has the most resistance? 

a. b. c. 



(1) 
(2) 

(3) 






ERLC 
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Progress Check Three-I 
7- Whic^ btdtc cnt(s) i*j/are true? 

a. Resistance is a n>easure of the aniount of current floiv in a 

conductor . 

b. •Jltf^'^j' ' ufftM- s.o'H* jnounl uf opposition to electron 

flow. 

c. The nore resistance a n^terial has ^ the smaller the 

Current it will conduct. 
d. The atomic structure of a nK)teria! has very little effect 

on i ts resistance. 

8. 33 = 33 X loV ^ (in basic units) . 

3 

9. 1.0 X 10 kilohms equals one - 



10. Which is true? 



a. 500,000 ohms equals 50 Megohms- 

b. Ohms divided by 1000 equal Megohms. 

c. Ohms divided by 1000 equal kilohms. 

d. 0.5 Megohms equals 500 kilohms. 



11. If th^ length of a conductor is halved, what is the effect on its 
res t stance? 



12- Which section of silver conductor has the least resistance? 

a. b. c< 



6- ^ 
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Prugrtfs^ Check 



Three- I 



13. WhicH .t.Jt<." erit (s) i*,/ore true? 



a- The greater the cross-sectional area of a conductor, 

the smaller the resistance, 
b. The (jreJti-r the cross-sectional area of a v.ire, the 

n ; vjhcr the re-* i stance . 
c- An in?>ulator is a naterial which aids electron flow, 
d. Rubber, glass^ and porcelain are examples of poor 

conductors . 

Non-conductors have a low resistance. 
Good insulators have a high resistance. 
The unit of measure for resistance is the ampere. 




If you don't know what It does don't fool with it! 
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PROGRESS CHECK 
LESSON ii 



Three- 1 1 



Resiblors 



1. Resistors are usually classified according to: 

a- the natcrials used for their resistance elements. 

fa, their ohmic value or amount of resistance they possess, 
c- whether their resistance value is fixed or can be 
varied. 

d- their physical size. 



2. Which ^taten^nt{s) is/are true? 

a. The value of a fixed resistor is set and cannot be varied. 

b. Potentiometers and rheostats are classified as fixed 
res i s tors . 

c. More than one resistance value can be obtained from a 

tapped resistor; hovvever, each of these values is fixed. 

d- The maximum resistance value of a tapped resistor depends 

on the number of taps or connections that it has. 



3. This illustration shoves at 
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Progress Check 

^. Which tircuit 'ihov;', 0 rheostat? 



A. 



Three- I f 



B. 



f 



▼ 



1 



ERIC 
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Progress Check Three- H 

5. Draw the ^cHe'-ialic ^ynbol for each of the resistors illustrated. 




Progress Check 
6. Match. 



Three- n 



1- inexpensive and easy to a. carbon resistors 

rnanufuCture 

2. oh'-!fc values tend to change b. wire-wound resistors 

with age 

3* e> ensive to manufacture 

^- able to carry large anx5unts 

of current without damage 

5- loiv current handling capabilities 

6. highly accurate resistance values 

7- ohmic values not highly accurate; 

v;tde tolerance range 
6, resistance values very stable 

over long periods of time 

7. Which statement(s) is/are true? 

3. Resistor value refers to the number of ohms of resistance 

a res i stor ha« = 
b. Resistance is a physical property. 

c- It is possible to tell the resistance value of a resistor 

from its physical size. 
d. Resistors with greater cross-sectional area have g«eawer 

resistance. 

8. Which resistor has the most resistance? 

a. 

— fi J — 

— " ) — 

i~ j 500 : j 

d. ^ 
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Progress Check 



Three- 1 1 



9. The v.jitdye rating of a resistor: 



a. 

b, 
c . 



deternlnes a resistors ohmic value. 

deter^^ines the maximum current a resistor can safely carry. 

refers to the onn^unt of resistance possessed by a resistor, 
is deternined by the resistor's physical size- 



10, Match. 



1 

2. 



highest ohmic value 
highest wattage rating 



a. 



b. 



c. 





axitf K ' ^ — 



n. In vvhich circuit would the lamp burn brightest? 
a. b. 



c. 



1 




(.1) 
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PROGRESS CHECK 
LESSON Mi 

Res 1 s tor I dent i f i ca 1 1 on 

1. What is the ohnic value of the resistor represented by the 
dlaqran shovjn? 



- i Ml (h 



a. 57 ohms 

b. 68 ohms 

c. 570 ohms 

d. 680 ohns CKY SLACK 



2. A resistor is coded with four color bands. The first band Is 
green, the second is blue, the third is orange and the fourth 
»^ gold. What is the resistance of this resistor? 

a, ^5 Kohms 

b. 56 Kohms 

c. 67 Kohms 

d. 560 Kohms 



What is the ohmic value of the resistor illustrated by the 
dravving shown? * 



a. 
b, 
c. 
d. 



36 Kohms 
ky Kohms 
360 Kohms 
^♦70 Kohms 




What is the ohmic value of a resistor whose first color band 
is orange, second band is orange, ditd third band is green? 



a* 2*2 Megohms 

b, 2.3 Megohms 

c. 3.2 Megohms 
d* 3*3 Megohms 



5- Which band indicates the first significant figure? 

T 



a. 
b. 
c« 
d. 
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Proqress Check Throe-fll 

6. The tolerance of th»s resistor is: 

-l: I -HI 

^ d. 20 SILVER- 
MANGE 

7. Which is the correct sequence of color bands on a 2k Kohm resistor 
with a tolerance of 10<'? 

3* yellov^, red, orange^ silver, 

b. silver, red, yellow, orange. 

c. red, yellc^v, orange, gold. 

d. red, yellow, orange, silver. 

8. Color band *'b*' on the resistor below indicates the: 



a. first significant figure . . 

b. second significant figure 

c. mul t ipl ler 

d. tolerance 



a be 0 ^ 



9. What is the resistance of the resistor illustrated In figure ^17 

a. 5.63 ohms 

b. 56 kohms 



c. 56-3 ohms f] RC4aGfS63j }~ 

d. 563 ohms ^ ^ 



10. What is the magnitude of resistance offered by a resistor that 

has the designation '•RC22B104K"? 

a. 100 kohms 

b. 10 kohms 

c. 10.^ kohms 

d. 22-1 kohms 



11. What Is the resistance of this resistor? 



a. ^75 kohms 

b- ^♦-7 megohms 

c. ^7-5 ohms 

d. ^75 ohms 



0 RN60B475F ) 
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Three- IV 
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PROGF.ESS CHECK 
LE'iSON IV 

The OhrmTTete r 

1. The principle function of an ohmmeter to nteasure the 
''lagnJtude of: 

a. current 

b . res i stance 

c. vol tage 

d. conductance 



in the schematic shown, which ohtreneter will Indicate the resistance 
of resistor B? 



a. ^1 

b. --2 

c. ^3 
d. 



® 

3. On the diagram shown, an ohmmeter ftKJSt be connected between 

P<^'"^^ to neasure the combined resistance of 

res i stors A_ and B_. 

a. 1 and k ^ 



d. 1 ano 3 



4. When resistance is measured using the ohms function of a rmjltl- 
neter, mintmum resistance values will be indicated when the meter 
pointer is at the portion of the ohms scale- 

a. linear portion 

b. extren^ left 

c. extreme right 

d. center 



5, Whein resistance is measured vnth a fmjltimeter, the scale 
is '-MCh that maximum resistance is indicated at the 



a. extreme right 

b. extreme left 

c. 1 inear port ion 

d. center 
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Pro<jresi Check 



Three- IV 



When r^eaburing a 100 Kchm resUtor, the pointer on the ohmmeter 
scale indicates 10. in what pusltlon Is the range selector? 



a. R X 10 

b. R X 100 

c. R X 1,000 

d. R X 10,000 



7. What will the pointer indicate on an Ohmmeter scale if the range 
selector is set to R x 10,000 and tht resistor being measured is 
5-6 Megohms? 

a. 0.56 

"b. 5.6 

c. 56 

d. 560 



8. The pointer of dn ohmmeter indicating mid-scale, with the range 

selector in the R x 100 position, will when the 

range selector is moved to the R x 10,000 position. 



a. move toward infinity 

b. not move 

c. nrave tov/ard zero 
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MODULE THREE 

LESSON I LESSON !1 (Cont'd) 



1. 


{1} tvD6 of nateria] us^d 


? • 


"J 


1 1 




{atomic structure of ^ 




h 


If V V 




naterial) 




w • 






(2) lenath of conductor 






— AAA*— 








e • 


-AAA/ -W* 




of conducfnr 






— A,A^^^ 


2. 


d 


A 

w 


1 

1 • 


a 




a 






a 




Resistance is the orooertv 




^ • 


K 

U 




of a niaterial that oonnQ^< 




f • 


D 




current flow. 




C 




5. 


R. 




o • 


o 


6. 


b 




7 


a 


7. 


b, c 




8. 


b 


8. 


33,000.. 


7. 


a. 


b 


9. 


meqohrn 


8 


c 




10. 


c. d 


Q 

-? • 


b, 


6 


11 . 




1 u * 


1 . 


d 


12 . 


u 




2. 


c 


• i • 


^ ^ 


1 1 * 


c 






LESSON 1 f 




LESSON III 


1. 


a, c 


K 


b 




2. 


a, c 


2. 


b 




3. 


b 


3. 


b 




4. 


B 




d 





PROGRESS CHECK ANSWERS 



MODULE THREE 



LESSON I \ \ (Cont'd) 

5. a 

6. c 

7. d 

8. b 

9. b 

10. a 

11. b 

LESSON IV 

1 . t) 

2. c 
3- c 
t*. c 
5- b 

6. d 

7. d 

8. c 



IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF 
NOT, STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE 
TAKING THE PROGRESS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON i 

Moa-,uriri Current In a Series Circuit 



1. State the correct definition of a ^series circuit. 



CoTipute and record Indicated values of circuit current 
a. b. 



Co 10V 



9 



AAAA 



R2 



b. I 



Rt 



Which schematic shov./s the meter correctly installed for 
nwasuring current? 



b. 
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Pruyro-.s Chtfck Four- I 
^. MatcH the scht?".jtics to their appropriate characteri ist ics 
X'-.X" 



V/-j 



b. -L 



^' 7 '-^ 




^ < 



1. nx^re than one path for current floiv 

2 . series cl rcui t 

3. parallel circuit 

k. only one path for current flow 



5 To measure direct current on any scale, except the 50 micro 
anp ^,cale, the meter function switch mu?>t be in the 
pos i t ton. 



Which illustration indicates a current value of 20 .amps? 
a. b. 



SOOMA- 



50V 




tOOMA 
-lOfMA 




IMA 




SOV 




iqOMA 



\ 



IMA 
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Proqrtt-SN Check 



Four- I 



U^i^g Practice Board 0-1, a 62 k resistor, and one dry cell* 
construct a series circuit as indicated by the schen^tic and 
close the switch, then measure and record circuit current. 





ERLC 



Proqre^b Check 



Four- I 



9. On the iHustratton below, check the arrows which point to the 
jacks used when making current measuremnts in the ranges of 
0-1 ma, 10 ma, 100 ma, 500 ma. 





10- Modify the series circuit you constructed for question as 
shown belov^ and close the switch, then measure and record 
cl rcu 1 1 current . 
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PROGRESS CHECK 
LESSON il 

Voltiiqo fD a St»ri^** Circuit 



1. Studv tbe schf- at Jc, then check the ^ tatefik?nt (s) that is/are irutfi 



En 

4V 



- Sri + 

— \\AA— 

sv 



_ Ea 

— 9V 



a. 
b. 
c. 



f . 
h. 



The voltage rise is equal to the sum of the voltage drops. 
The total voltage dropped is 13 volts. 
The voltage drop across RJ_ is greater than the voltage 
drop across R2^. 

The voltage rise at the source is ^ volts. 
The total applied voltage is l8 volts. 
The rise in potential is 9 volts. 

The polarities Indicated for both voltage drops are correct 
The polarity indicated for E^^ is correct. 



Select the resistor in each schematic that 11 have the largest 
vol taqe drop. 



a. 



-lih- 

Sa 20V 



- 1|H- 

Eo SOV 



ER2 
5V . 



<«1 
» 



S 



7 



Em 

25V 



R^5 
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Proijros^ Check 



Four- 1 I 



3. Match lelttfr*.»d arrovis on schenattc to corresponding voltage 



concepts . 



1. voltage rise 

2- '*0'' difference in potential 

3* vol tage drop 



;> 

> 

s 



< 



4 



Compute and record the correct arTOunt of total voltage rise or 
drop in each schematic. 

Vs/V 



a. 



£a 



iR3 2V 



vol tage drop 



b. 



voltage rise 
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Proqrf^-> Check 



Four-M 



5. Co pute J'lj record the -ource voltage (E ) in each ^cheinatic. 

3 



a. 



^ 1SV 



20V 



20V 



E = 



IR2 25V 
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Proqress Check 



Four- It I 



1. Match. 



PROGRESS CHECK 
LESSON ill 

The Multimeter as a Voltmeter 



A. 




03 



1 1 ' 

\ { , 








vV/ 




a. AC voltage meter 
connect ion 

b. DC voltage meter 
connect ion 

c. incorrect voltmeter 
connection (AC or DC) 



ERLC 
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Prouress Check 

2. Check the •>tatei!ient (b) that Is/are true. 



Four- 1 1 1 



a. When measuring voltage with a multimeter, the function 
s.vitch nu-it alwayn be in the +DC po^.iiion. 

b. When readiny DC vultaqc, polarity ng»,t be observed. 

c. When neasuring DC voltage with a nultlnieter, correct 
meter connection ivill cause pointer deflection to the 
left of zero. 

d. Meter polarity of the Simpson 260 can be changed by 
;^ving the function owitch to cither +0C_ or -DC. 

e. Meter polarity of the Sinpson 260 can only be changed 

by renoving the test leads from the circuit and reversing 
then. 



interpret the meter DC scale beloiv by matching the indicated 
voltage to the rdnge sv/ttch position. 

T ' ' " » '■ 




Range-Switch Position 



I . 
2. 

3. 



10 V 
50 V 
2.5 V 
250 V 
1000 V 



DC Voltage 



a. 5^0 volts 

b. 135 volts 

c. 27 volts 

d. 1 .35 vol ts 

e. 5.^ voltb 
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Four-! I I 



QhecK the lettered parts and ^>cales cf the nultirieter that are used 
^or ^va-»urinq DC vultaoe. 




KST Om 4VAIUBL£ 
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Progress Chec^* 



Four-! I I 



5- The diayram below illustrates a circuit with a variable resistor, 
a fUed resistor, and a source connected in series. The variable 
resistor is shown at three different settings. 




Check the statement (s) that is/are true. 



a. The largest voltage drop will take place across the least 
res i stance . 

The voltage drop across the variable resistor Is always 
greatest. 

c. The voltage drop across the variable resistor will become 
greater or smaller as the resistance goes up or down. 

d. The voltage dropped across a fixed resistor always remains 
the same. 

e. The sum of the voltage drops alv^ays equals the applied 
vol tage. 
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Pruqrt'-.N Check 



Four- M I 



lining Practice Board 0-1 and components drawn from the material 
center, cunv.truct a series circuit as indicated by the schematic. 

T| H ^ V 



Rt 4 J 



R2IO 



4w5V 



R3 2^ 



Energize the circuit then measure and record DC voltage at 
the points Indicated below. 



a. 

b. 
c. 

d. 



Test 
Test 
Test 
Test 
Test 



po i n t s 
poi nt s 
poi nts 
poi nts 
po i n t s 



T2 to T3. 

T3 to TJT. 

T5 to tT. 

T7 to tB". 

T1 to TB". 



Open the switch orid measure and record voltage at: 
f. Test points T7 to T8- 



7. Check the statementCs) that is/are true.' 

a- Polarity does not have to be observed when measuring AC 
vol tage - 

b- When measuring AC voltage with a multimeter the function 
^ switch is not used* 

c. The black OC arc on the Simpson 260 is used for measuring 
^ AC voltages. 

d. The figures direct Iv belov/ the scale marked 2.5 VAC only on 
~~ the Simpson 260 rre used for measuring AC voltages 2.5 v or 1 

e. fhe figures above the red AC arc on the Simpson 260 are used 
for measuring AC i/oltages. 
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Progre-5-. Check 



Four- f 1 1 



fi. Interpret the meter reading and record the Indicated AC voltage 
for each range swi ten position. 




Ra nge Switch Position Meter Reading 



a. 10 V 

b. 50 V 



volts AC 
volts AC 



^- ^'^ ^ volts AC 

250 V AC 

^- ^000 V volts AC 
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PROGRESS CHECK ANSWERS 
MODULE FOUR 



LESSON I 

1. Only one path for current §• 
f 1 ow . 

2. a. 6 amps 
b. 12 anps 

3. a 1 . 
k. 1-b and d 

2- a and c 

3- b and d 

k-a and c 2. 

5. +0C or -DC 3- 

6. a 

7- Approjcimately 25 :^amps 
8. b 
9- c, e 

10. Approxinately 250 milliamps 4. 

5. 

LES'iON n 6. 

1. a, c, f« 9i ^ 

2. a- R1 
b. Rl 

3. 1. a 

2. b and d 

3. c 

^. a. 6.5 V (drop) 7- 
b. 3 V (rise) 8. 



LESSON II (Cont'd) 

a. 35 V 

b. 55 V 

LESSON III 



1. b 

2. a 

3. c 
k. a 
b. d 

1. e 

2. c 

3- d 
U. b 

5. a 

b, e. f, h, 1 

c, e 

Approximately 

a. 1.25 V 

b. 2.6 V 

c. 0.6 V 
0. 0 V 

e. k.5 V 

f. k.5 V 
a, d, e 

a. 7.5 VAC 

b. 37.5 VAC 

c. 1.9 VAC 

d. 187.5 VAC 

e. 750 VAC 
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f'nOGPEL'i tHECK /.NSWERS 



MODULE FOUR 



YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT, 
STULY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING 
The P=0GP.£SS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON \ 

M circuit 1^31 un]\ unc path tor current flow is 

a/a^ c i rcu J t . 



s »ic r t 
para 11 el 



M" circuit re^^ibtance is physically changed to a higher value, 
tjrd the applied voltage renal ns unchanged^ circiiit current will 

I ncrea^e. 
dec rease - 
re'^ain the san^e. 
Ir^Cf^ra'^e by the ^quare. 



a. 

b. 
c ^ 
d. 



a . 

L? - 
C . 

d. 



Wnat the value of £ In the d i agrar^«*>hown belov;? 

P. I " 



a. 180 V 

c. 8o V 
20 V 



I 



— fa 



-WV* — 



60V 



If the value of voltage applied to a circuit is physically 
doubled while circuit resistance is unchanged, circuit current 



1 1 



a. decrease by four tines. 

b. double. 

c. rerain the sar^. 

d. Increase by four times. 



|s4ina 



Eo 

nov 
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Pruqrt?s-, C^ecW 



F J ve- I 



5- P^^>^i^in.. ^•'duvi'^q a ci^cu^t^ applied vol taye lo half of its 
or!<;inal value -..III cause the circuit current to be: 

a. MaWcd. 

c . t r i p I ed . 

J. quadrupled. 



6. T*'e ^tate ent, '^Circuit current 1> directly proportional to 
the applied voltaqe and inversely proportional to circuit re- 
sistance,*' is knu.vn as: 

K I r c i'l Mw f f * s La^v . 
Joule * s Lav, . 
OhnS Law. 
Weber * ^ Theory . 




7. Physically decreasing circuit resi^jtance will cause circuit 
Current to: 

a. increase by square. 

b. decrease. 

c . i ncrease. 
d. rer.ain unchanged. 
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Progress Check 



PROGRESS CHECK 
LESSON ii 

QhnS lav; Fgrnula 

1. Cs^^nverilnq cHenlcal energy to electrical energy witfiin a source 
describes a: 



a . fa 11 in potent id 1 

b- ri5e In potential 

c . vol tage drop. 

d. power transfer. 



Wi^jt Is the value of the voltage drop across a 30-ohm resistor 
t^»at hah 2 a'^^ps of current flowing through it? 

a. 0.06 vol ts 

b. 15 volts 

c. 60 vol ts 

d. 120 vo. ts 



3. What Is the value of current? 



a. 

b. 

c . 
d. 



1 .66 -la 
16.6 na 
166 na 
1.66 a 



^. What U the value of the load resistance? 



a. 

b. 
c . 
d. 



300 Ohns 
k^Q ohns 
30 kohms 
48 koh^^s 



wov 



I 

L. 
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W?iut is vuluge drop aero..** a 1 kohn ret>ibtor that has 

2 -^^a ot currer^t flo-iny through ft? 



c , 



^ ■ V 

2 V 

0.5 Mv 



6. Which of the foHuv/tny p'athenat i ca 11 y expresses Ohm's Lav/? 



a . 


1 


E 
R 


b . 


F 


- I£ 


c . 


W 


= FD 




P 


U 

" T 



WnlLH uf the following accurately describes the conversion from 
electrical energy to heat energy within a resistance? 



a- vol taqe drop 

b- Current loss 

c. rise in potential 

d. power lobb 



8. WHat Js the value of «»ource voltage in the circuit diagram 



a. 

c 

d, 



6 V 
8 V 
12 V 
2k V 



L. 



R2 4K 
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Progress Check 



Ffve-n 



SO vj!:-., uppJ Arrc;^s a resistor, causes 5 amps of current 
to flow. What is the value of the resistor? 

O. 10 ohr^s. 

b. 23 onrit,. 

c . 250 ohni^ . 

d . 2.5 koHmis , 



10. What is the value of total current in the diagram below? 



a . 2 ma 

b. 5 ma 

c. 2 a 

d. 5 a 



J. Ea 



1^ 7K 



11. What is the value of current flow if a resistor is 

connected across a 20-volt battery? 

a. 0.2 a 

b. 0.5a 

c. 2 a 

d. 5 a 



12. What is the value of the load resistor in the diagram shown 
below? 



a. 10 ohms. 

b. 100 ohms. 

c. 1 kohm. 

d. 10 kohms. 



-® 1 



.la 
— WOV 
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Pruqress CHeck 



13. Which ut the tollowinq \^ a characteristic of the circuit 
represented by the diagram shown? 

J. V<»ltaqt5 drops are equal « 

•.nailer 

ihan the sndHest 'esistor* 
c. Total current is the sum of 
individual currents. 

d. Total resistance is greater 

than the larges*. resistor. 




Wh«3t is the r^^^ii stance of R3? 



a. 
b. 
c. 

d. 



8 ohms 
12 ohms 
18 ohms 
20 ohms 



I 



"1 

16 - 



"3 



15. What is the value of R^7 



a. 765 kohms 

b. 15.5 kohms 

c. 15.75 kohms 

d. 765 Kohms 




250 n 
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Progress Check 



Five-1 1 1 



PROGRESS CHECK 
LESSON Hi 

Potve r 

1. The amount of work done per unit time describes 



a. current. 

b. voltage. 

c. resistance. 

d . powe r . 



2. 



How much power Is dissipated by a circuit that has a 75-volt 
source and a current f](M of 5 ma? 



a . 
b. 
c . 
d. 



375 w 
3.75 w 
0.375 w 
37-5 



W 



Which of the following correctly expresses the relationship 
that exists between power, work and time? 



a. 



W 



b. P = rr 



c . 
d. 



P 
P 



T 
W 

W X T 
W + T 



k. In the circuit represented by the diagram below, how much 
power is supplied by the source? 



a. 
b, 
c. 
d. 



w 



6.15 
16.6 w 
110 w 
160 w 



-AA/V- 



20W 
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Pro<jres«. Check 



Five- 11 1 



Electrical power cd" be expressed 

a. force per unit area. 

b. 4:0^1 ui'tbs per unit time. 

c. work per unit tii'"e. 

d. joules per coulomb. 



as 



How much power is dissipated by a circuit that has a ^^^^O-volt 
source and a total resistance of 88O ohms? 



a. no w 

b. 220 w 

c. A40 w 

d. 880 w 



How much power is dissipated by a circuit containing 6 K ohms 
of resistance when 2 ma of current is flowing? 



a. 2.k mw 

b. 2U mw 

c. 1 .2 w 

d. 12 w 



o 9U 
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PROGRESS CHECK 
LESSON tV 

I nternal Res i <^tance 

1. When □ load is placed across a source, what causes the decrease 
In terminal voltage? 

^- the internal resistance of the source. 

_ _ _ the physical size of the source. 

the power dissipated by the toad. 

^- the physical size of the load resistance- 

Internal resistance is an opposition to current and will 

^^^^e voltage to be present across the load. 

nK)re/less 



3- circuit current increases, the voltage drop across the 

Internal resistance will 

i ncrease/decrease 

l-creasing the load resistance will result in circuit 

more/less 

Current and therefore voltage dropped across the internal 

re^ I stance- more/less 



5. All sources of EMJF contain a certain amount or resistance. 
This opposition to current flow is called: 

a. terminal resistance. 

b. internal resistance. 

c- load resistance. 

d. circuit resistance. 



6. Internal resistance of a source be measured with 

an ohmmeter. can/cannot 
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PROGRESS CHECK 
LESSON V 



T rojb 1 e s hex? 1 1 Hfj So r ies C i rc u < ts 



2. 



3. 



A •jhurteJ cunponent in a series circuit wilt 
total resistance. 

a. cause an ircrease In 

b. cause a decrease in 

c. have no effect on 

d. always double 



What effect will an open have on total resistance of a series 
circuit? 

a. Total resistance will increase to infinity- 

b. Total resistance will always double. 

c. Total resistance will always decrease to zero- 

d. Total resistance will decrease to a smaller value- 



in a series circuit a shorted component will cause: 

a. a decrease in circuit current 

b. an increase in total resistance 

c. a decrease in all voltage drops 

d- an increase in circuit current 



in the circuit represented by the diagram shc^n, a short across 
R*3 will cause c/an. 



a. 



d. 



c. 



b. 



decrease In total 
circuit current- 



decrease in the voltage 
drops across Eg^ and E^ 
increase In the voltage 
diwps across Eg| and 



increase in total 
resi stance* 
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Progress Check Five-V 
ij. Whji ffleci doe«> an open have on circuit current? 



a. 
b, 



It wiM cause current to decrease to 0. 

It will cause Current to exactly double. 

1 1 .J 1 I tju-.fe (.urrt-tu to ificrejstt at a linear rate. 

It win cause current to decrease to half Its original 

va lue. 



Deter-ine the trouble in the circuit represented by the diagram 
,hown by comparing the abnormal with the normal measurements. 



a. point A grounded 

b. R1 open 

c. R3 open 

d. point B grounded 



NORMAL CIRCUIT 
MEASUREMENTS 



E 

Mf 
M2 
M3 



200 V 
50 V 
10 ma 

150 V 



ABNORMAL CIRCUIT 
MEASUREMENTS 

200 V 
0 
0 

200 V 
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PROGRESS CHECK 


ANSWERS 






MODULE FIVE 




LESSON 1 




LESSON III 




b 


t . 


d 




b 


2. 


c 




d 


3. 


a 


I*. 


b 


k. 


c 


5. 


a 


5. 


c 


6. 


c 


6. 


b 


7. 


c 


7. 


b 




LESSON ! 1 




LESSON IV 


} _ 


b 


1 . 


a 


2 


W 


2, 


less 


3. 
✓ • 


f 

c 


3. 


increase 


~ • 


r 


4. 


Ifcss; less 


5 




5. 


b 


A 




6. 


cannot 


7. 


3 






8 


d 




LESSON V 


q 


;i 


1 . 


b 


10. 


a 


2. 


a 


1 1 
f I fl 




3. 


d 


12 a 


d 




d 




a 


5. 


a 




a 


6. 


c 


15. 


c 







IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. STUDY 
ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING THE 
PROGRESS CHECK AGAIN. 
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Progress Check SIx-l 

PROGRESS CHECK 
LESSON t 

Ru?es for Voltage and Current 

1. A parallel circuit 2s one In which: 

a. the currents through each branch are equal. 

b. there is more than une current path connected to a common 

vol lag^ soyrce. 

c. the vo.tagu drops across each component are different. 

d. there 'b only one path for current fIcHv- 



2. Which statement below expresses the relationship between source 
voltage and the voltage drops across each branch of a parallel 
ci rcui t? 

a. Sour Itage increases as any branch voltage drop 

decrt-dS^s . 

b. The voltage drop across each branch is equal to source 

vol tage. 

^ c. The voltage drop across each branch increases as the 

source voltage decreases. 
d. Source voltage is the sum of the voltage drops across 

each branch. 



3. Which of the following equations is the mathematical expression 
for total voltage in a parallel circuit? 

a. ^ E. X X . . . X £ 

T 1 2 n 



b. E^ » E, + E^ + . . . + E 

T 1 2 n 

c . E- « E- = E* « . . . « E 

11^ n 

d. E^ = E- - E^ - . - E 

T 1 2 n 



Which of the following equations would be used to determine 
total current in a parallel circuit? 

T 1 2 n 



d. t-»!.x!^x...xi 
T 1 2 n 
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Progress Check 



SixH 



5. In a parjllel circuit, current through each branch Is inversely 
proportional to: 

a. the number of branches. 

b, the -source voltage. 
c. total circuit current. 

d. the branch resistance* 



6. Between what two points of the circuit represented by this dia- 
gram should an ammeter be inserted to measure total circuit current 

a. A and B 

b- C and D 

c- D and E 

d- E and F 



C 




When R3^ is added to the circuit diagram shown belov, the current 
through R1 will; 



a. increase* 

b. decrea^^ by hal f . 
c d^c'-r^^ the square. ~— 

i. t ct -If 



X 




In f ''.u*L repr2sent«^^ by the diagram shown belcM, between 
i'hat ints --howld an arreneter be inserted to measure the 

ccmbi c . jrai^c?' cu^ r-nts of R2^ and R37 



c f n- 'i D 
d* A and B 



C D 



O H 



A B 
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Pruqress Check 



Slx-I 



What will happen to the total current in a parallel circuit when 
another resistor Is connected in parallel? 



a. Current will always triple. 

D. Current -.ill decrease. 

c. Current will not change - 

d. Current will increase. 



to. In tne circuit represented by the schematic shown below, between 
what two points would a fuse be placed to protect all circuit 
components? 

A B 



a . 


A 


and 


B 


b. 


C 


and 


D 


c . 


E 


and 


F 


d. 


G 


and 


H 



G H 



11. In the circuit represented by the diagram shown below, if S2^ is 
opened, the voltmeter reading will: 



a. increase. 

b. decrease- 

c. drop to zero. 

d. remain steady. 
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PROGRESS CHECK 
LESSON H 



Hi^Jj^JL ^ ^- ^^^ '^ Power 

In the circuit belov^, it resistor K2 Is rcpldcoJ wilt} one of qtt-jier 
res i .mcci the: 

a. tot«3l Circuit resistance will accrease. 
b. current flow through R1 will Increase. 

c. vultaqe drop across R2 will increase. 

d. power dissipated by Rt will remain the saw- 



«2 



W*^ich of the following equations Is used to determine the total 
re-* I stance of a two-branch parallel circuit? 





a . 




= R1 




R2 




h- 

kj . 




= R1 


♦ 


R2 




c . 




Rt 


X 


R2 






R1 




R2 








R1 




R2 




d. 




R1 


X 


R2 



In the circuit represented by the diagram shoi-yn, if RJ_ Is 
disconnected from the circuit, the indication on ohmmeter 
Ml 1 I : 



a. increase. 

b . decrease . 

c. drop to 0. 

d. increase to infinity 



® 



o 
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Pruqrt',-, Check 



S5x-n 



^. I* a third current path !s added to a tv;u-branch parallel circuit, 
tne tutol re^sistancti uf the circuit will be: 

't-^s t^^ir Jt ^:a*, before thi- current path ud^ added. 

^- Mtr»iler thdn it ..js Letore the current path was added. 

sa'e a> it was before the current path was added. 

e^ual to the resistance of the additional current path. 



Which of the tollowinr; expressions could be used to determine the 
total resistance uf a parallel circuit containing rebist<)rs uf 
ecua^ value? 



T n 



"t 



R1 


X 


R2 


Rl 


X 


R2 


Rl 


■*■ 


R2 


Rl 


+ 


R2 


Rl 




R2 


n 



6. Which of the following expressions could be used to solve for 
total power of a parallel circuit when the pov^er dissipated by 
each branch resistor Is known? 



T '1 '2 



n 



C. P-. = P, X P- X . , . X P 

T I 2 n 
p 

d. P_ « 

T n 
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Which ri I tu* bclu.. re* isicrs tia^ the resistance as the 

equivalent resistance ht and K2? 





Bruvo-^ Y Vc 1 lov 
Hlack 



Brown-* r T 

^ / Ye 1 1 on 
Red 



> 




BrowiT r "^orange 
Green 




blue 
Yellow 




8, WhJc' of the follovvinq describ'^s the relationship between the 
equivalent resistance and the individual branch resistance of 
a parallel circuit? Equivalent resistance will always be: 

a- greater than the largest branch resistance. 

b. snaller than the smallest branch resistance. 

^ c. equal to the su'*^ of the branch resistance. 

^ equal to the >na1 lest branch resistance. 



In the circuit rep^'esented by the diagram shown below, what will 
happen to the equivalent resistance when R3^ is connected? 



a. increase 

b. decrea>e 

c. double 

d . not chanyc 
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Progress Check 



Six-f I 



10, In the circuit diagram *5hown below* the total potver dissipated 
by the circuit when R3 is connected will: 



c 

d. 



double. 

not ytv 
increase- 
decrease . 



I 



«2 



«3 



n. In a three-branch parallel circuit, the equivalent resistance 
of any two of the branches will always be: 

a. the sanw as the total resistance of the circuit. 

b. less than the total resistance of the circuit. 

c. greater than the total resistance of the circuit. 

equal to the equivalent resistance of any other two 

branches . 



12. A circuit consists of two resistors, equal in ohmic value, con- 
nected In parallel. What is the total resistance? 



a. oi.e-half the value of one resistor 

b. one-half the sun of the resistors 

c. the sum of the resistors 

d. the same as the value of one resistor 



13. What the value of the equivalent resistance of a three-branch 
parallel circuit that contains resistors of 20 ohms, 30 ohms, 

and 60 ohms? 



a. 
b. 
c. 
d. 



0.1 
0.6 

10 : 

no. 
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PROGRESS CHECK 
LESSON Mi 

Variational Analysis 

1. What will happen to the total current In a parallel circuit when 
another resistor Is connected in parallel? 

a. Current will always triple. 

b. Current will decrease* 

c. Current will not change. 

d. Current will increase. 



2. If S2 is closed and Sl_ is opened, the indication on Ml will 

and M2 will 



a . increase/decrease 

b. decrease/ i ncrease 

c. remain steady/ increase 

d. decrease/ remain steady 




3. When R3 is added to the circuit diagram shown telow, the current 
through R1 wll I : 



a. Increase. 

b. decrease by half* 

c. decrease by the square* 

d. not change* 





5 







»3 



A. If RT^ is disconnected from the circuit, the indication on 
ohnmeter Ml wll I ; 



a. increase* 

b* decrease. 

c. drop to zero. 

d. increase to Infinity. 
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Six-Ill 



5. If resistor R2 is Increased In value, which of the following 
is correct? 



a. 
b. 
c. 
d. 



Total circuit resistance will decrease. 

The current flow through Rl will Increase. 

The voltage drop across RFwill Increase. 

The power dissipated by Rl_will remain the same, 



X 



6. 



What will happen to the equivalent resistance v^en R3 Is 
connected? — 



d. 


increase 






b. 


decrease 






c. 


double 






d. 


fK5t change ~ 













J 



7- The total power dissipated when R3 is connected will 



a. double. 

b. not change. 

c. increase. 

d. decrease. 



What effect will an open in one branch of a parallel circuit have 
on total circuit current? 

^- An open will cause circuit current to Increase. 

An open will cause circuit current to double. 

An open will cause circuit current to decrease. 

An open does not effect circuit current. 
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Six-Ill 



9« Decreasing source voltage will cause l^^^ to: 



a. remain constant. 

b. increase* 

c. decrease. 

d. stop. 



«3 



10. increasing E in a parallel circuit causes the current through each 
branch to proportionally. 
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PROGRESS CHECK 
LESSON iV 



1. 



Troubleshooting Paral lei Circuits 



An open in any branch of a parallel circuit will cause total 
circuit current to: 



a. increase. 

b. decrease. 

c. remain unchanged. 

d. cease flowing. 



2. In the circuit diagram shown below. If R1 opens, the reading 
on Ml will — 



a. decrease to zero 

b. decrease by the value of 1^ 

c- increase by the value of 1^ 

d. not change 




3. 



In the circuit represented by the diagram shown, if Rl shorts 
the Indication on aiwneter Ml will: 



a. decrease. 

b. drop to zero. 

c. Increase. 

d. remain steady. 



r 




A. In the circuit represented by the diagram shown, if Rl opens, 
the indication on ammeter Ml will: — 



a. increase. 

b. remain steady. 

c. decrease. 

d. drop to zero. 



«2 



«3 
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Slx-IV 



5- In the circuit diagram shown below, If R2^ opens ^ what value 
of current v/ill flow through R^? 



a . 


0 




b. 


6 


ma 


c. 


8 


ma 


d. 


12 


ma 




6. An open in any branch of a parallel circuit wHI: 



Bs have no effect on any other branch. 

bi- cause total circuit current to increase. 

c. decrease total resistance. 

d. increase the power supplied to the circu-t. 



By comparing abnormal with normal measurements, .rmlne the 
trouble in the circuit represented by the diagram. 



a. open at point A 



NORMAL CIRCUIT ABNORhAL CIRCUIT 
MEASUREMENTS l^r ' SUREMENTS 



b. Rl_ open 


E 

a 


30 


V 


30 V 


c. R2 open 


Ml 


6 


ma 


5 nia 


d . R3 open 


M2 


3 


ma 


3 ma 




M3 


3 


ma 


2 ma 





R2 30K 



Rl lOK 
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8. By comparing the abnormal wfth the normal measurements, determl 
the trouble {n the circuit represented by the diagram. 



NORMAL CIRCUIT 
MEASUREMENTS 



ABNORMAL CIRCUIT 
MEASUREMENTS 



a. 


point 


A 


open 




50 


V 


50 


V 


b. 


ooint 


B 


open 


Ml 


50 


V 


50 


V 


c* 




C 


open 


M2 


8 


ma 


6 


ma 


d. 


point 


D 


open 


M3 


50 


V 


0 







125 



PROGRESS CHECK ANSWERS 
MODULE SIX 



1. 
2. 

3. 
k. 

5. 
6. 

7. 
8. 

3- 



LESSON I 

b 

b 

c 

c 

d 

b 

d 

c 

d 



10. c 

11. d 



LESSON il 



1. d 

2. c 

3. a 

k. a 

5. a 

6. b 

7. c 

8. b 

9. b 

10. c 

11. c 



LESSON H (Cont'd) 

12. a 

13. c 

LESSON III 



1. d 

2. d 

3. d 

4. a 

5. d 

6. b 

7. c 

8. c 

9. c 

10. increase 



1. 
2. 

3. 
k. 

5. 



LESSON IV 

b 

b 

b 

b 

b 



6. a 

7. c 

8. c 



IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT, 
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING 
THE PROGRESS CHECK AGAIN. 



ERIC 



116- 



Progress Check Seven- I 

PROGRESS CHECK 
LESSON i 

Solving Complex Circuits 

1. Which formula below correctly expresses the total power 
dissipated in a series-parallel circuit? 

a. P^ » I^E 

I. - IR 

c. P^ » PI P2 + P3 + ... + Pn 



2. What is the total power dissipated? 



a. 36 mw 

b. i(8 mw 
60 mw 



c. 



d. 72 (my 



~ ip 



Xr 2iiia 



3. 



What is the value of total circuit current? 

I 



a. 2.5 ma 

b. 5 ma 

c. 10 ma 

d. 15 ma 



100V 




li]20K.Q. 



^. Voltmeter M2 will Indicate: 



Smo 



a. 
b. 
c. 
d. 



40 volts 
60 volts 
100 volts 
360 volts 
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Pruyress Check 

5. What the resistance of RI7 



a . S ki\ ohms 

b. 18 ki I ohms 

c. 27 ki tohms 

d. 36 ki lohms 



Seven- I 




Which of the fol leaving expressions shc^s the correct relationship 
betv^een total and individual resistance for the circuit represented 
by the diagram? 



a. 



b. 



c - 



d. 



"t 


« Rl 


+ 


R2 X R3 
R2 + R3 




= Rl 




R2 + R3 
R2 + R3 




Rl 




(R2 ♦ R3) 




Rl 


+ 


(R2 + R3) 




Rl 


+ 


(R2 X R3) 




Rl 


X 


(R2 + R3) 



■AAAA 



7. What Is the total circuit current? 
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Progrt.'^>s Check 

8. What is the value of source voltage? 



Seven- I 



a. 
b. 
c. 
d. 



30 volts 
90 volts 
120 volts 
150 volts 



5 



9. What is the value of the current flowing through R^7 



8 ma 

b. 10 ma 

c. 12 ma 

d. 28 ma 



J> 



r 



Klr^hh^f'fJ"*/?"'^''."' expressions is a correct state^nt of 
lrT::L\l°':r '"^ represented by the dia. 



b. £, 



S = ^2 • ^3 
^1 * ^2 = ^3 



«2 



d. 
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Seven- I 



It. "A circuit that ha% nxjre than one current path and more than one 
series voltage drop," describes which figure? 




ERIC 
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PROGRESS CHECK 
LESSON it 

Voltage Reference 

••An arbitrarily chosen point to which all other points are 
compared" is a description of a: 

3. positive ground. 

negative ground point. 

^ reference point. 

(none of the above) 



2. Making use of various reference points, fratch: 

1 . Point A is-- 

2. Point B is-- 



3. Point C is-' 
^. Point 0 is-- 



a 125 volts positive in reference 
to point C. 

b. 75 volts negative in reference 
to point B 

c. 150 volts positive ir. reference 
to point 0 

d. 200 volts negative in reference 
to Point A. 



sov 



75V 



B 

C 
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Seven- t I 



3. What is the polarity and the value of voltage at terminal B 
v.ith respect to ground? 



a. + 30 volts 

b. - 45 volts 

c. - 90 volts 

d. -120 volts 



~io 30OV 




What is the magnitude and polarity of the voltage at point D 
with respect to ground? 



a. -100 volts 

b. -200 volts 

c. -t-200 volts 

d. -t-lOO volts 



im 



fQ 300V 



ko lOOV 
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Seven- 1 1 



5. What U the polarity of the voltage at Point A with respect 



to ft? 

a. pos i t ive 

b. negat ive 



BMW 



B 



em 75V 



Is, 100V 



^0 



6. 



Whatsis the potential and polarity at point B with respect 



a. + 50 volts 

b. +200 volts 

c. - 50 volts 

d. +300 volts 



^50V 



fjQ aoov 



ha 100V 



..0 
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Progress Check 



Ste ven- 1 1 



What is the polarity an^^ magnitude of the voltage at point E 
with respect to point B7 



a. 
b. 
c . 
d. 



-35 volts 
+^0 vol ts 
+65 volts 
-70 volts 



-•0 



ERIC 
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PROGRESS CHECK 
LLSSON ttl 

Voltage Dividers 

o?'oo.m'"'^ S/ ^ ^"^^'^^ t° ^"PPly voltages 

of positive and/or negative polarity? vuiL^ges 

^- number of series resistors. 

^- size of resistors used. 

location. of reference point. 

^- number of loads attached. 



2- 



What is the polarity of point C with respect to Point B? 
_____ a. negative 
pos i t ive 

c. no polarity can be assigned 



r 



± 

t 



B 



to'grlund?' P^'^'-'^V Po^nt A with respect 



-O 
D 



a. negative AO volts 

b. positive 60 volts 

c. negative 60 volts 

d. positive 20 volts 



20V 



lOOV 



1? 



-o 

B 



40V 
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Progress Chec k 



Seven" 1 1 i 



^. What is the polarity and voltage at terminal C with respect to 
point A? - 



a. -^0 V 

b. +60 V 

c. -60 V 

d. -200 V 



30OV 



20V 



1(2 4K 



40V 



»3 6IC 
^ 60V 



R4 8K1 



8GV 



i 



5. Which of the following diagratps shavs the correct direction of 
current flow, using the electron theory of current flow? 



I, 




c . 
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Progress Check S^^^„., 
6. What effect will closing SJ_ have on total circuit current? 

3. Total circuit current will decrease. 

^' Total circuit current will increase. 

c. Total circuit current will double. 

Total circuit current will not change. 




7. Closing SJ_will cause the voltage across R2 to; 

a. decrease. 

_ b. increase. 

c- increase to source voltage. 

d. not change. 
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St:ven-I I I 



8. What effect will ctosing S_l^ have on total resistance? 

I 



a. increase 

b . not change 

c. decrease 

d. increase to infinity 




9- What effect will opening ^ have on the voltage dropped across R17 



a. increase 

b . not change 

c. increase to source voltage 

d. decrease 




R2 




LOAD 



ERLC 
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Progress Check 



Seven- 1 1 1 



10. Moving the arm of load 1 to pofnt A wMl cause E to- 

R1 



a. double, 

b- increase, 

c- decrease, 

d- stay the same. 





UM01 



n. Solve, 



ia tOOV 




l.5mo 



2ZSV 



45V 
ISmo 



J 



iOMD 2 



10AO 1 



a. I = 

b. r| = 
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PROGRESS CHECK ANSWERS 



MODULE SEVEN 



LESSON i LESSON Ml 



1. 


c 


1. 


c 




2. 


b 


2. 


a 




3. 


b 


3. 


b 




k. 


b 


A. 


c 




5. 


b 


5. 


c 




6. 


a 


6. 


b 




7. 


a 


7. 


a 




8. 


b 


8. 


c 




S. 


c 


9. 


d 




10. 


a 


10. 


b 




11 , 


c 


11 . 


a. 


22 ma 








b. 






LESSON 1 I 




c. 


55 V 


1. 


c 




d. 


17.5 V 


2. 


1-a 




e . 


7 ma 




2-c 




f . 


27.5 V 




^-b 




o 

y • 


18 1 k 












3. 


c 








A. 


b 








5. 


a 








6. 


c 








7. 


d 









IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF 
NOT, STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE 
TAKING THE PROGRESS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON I 

£ lectromaqnets 
1. Write the definition of electromagnet i sm. 



2. In the fol leaving sketch, indicate by arrows the direction of 
the I ines of force. 



X - ^ 



3. In the foUoiving sketch, indicate by an arrow the direction of 
current flow. 



k. In the following sketch, indicate by arrows the direction of 
current flow and lines of force. 



( n 



5. Is the pole marked with a question mark l North or South pole? 
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Progress Check Elght-I 

6. State in your own wordh the two primary purposes for using a 
relay . 

1 . 

2. — _ 




Progress Check 

E tght-1 1 

PROGRFSS CHECK 
LESSON It 

tnductors and Flux Density 

1. Match the statement in A to the drawings in B. 

— J- 

^- fias higher permeabiUty 

2. has higher reluctance ^' ^^■^^-^^-^^•^^^^-^^ 

3- has less permeability b. 

^- has less reluctance 

2. List the five factors that affect flux density in an inductor. 



Directly Proportional (Any order.) 

a. 

b. 

c. " ' 

d. — • 



Inversely Proportional 
e. 



ERIC 
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PROGRESS CHECK 
LESSON Mi 

tr ducing a Voltage 

I. Three factor^ are necessary to generate an EMF by magnetic 
Induction. Lt^i the three factors. (Any order.) 

a- 

b. 

c . 



2. The n^gnetic field generated by a current-carrying conductor 

originates : 

, . . a. along the skin area of the conductor. 

t>. in the imn^dlate area around the conductor. 

c. Instantaneously throughout the conductor. 

d. In the center of the conductor. 



3. When a circuit Is first energized, the magnetic field: 

a. expands. 

b. collapses. 



4. Witfi the field moving outward^ the conductor rroves 
In relation to it. 



5- Relative motion exists in a current-carrying conductor due to 
the and field. 



6. The EMF induced In a conductor due to a changing magnetic field 
the current that causes It. 



7. The Induced EMF opposes circuit EMF. This Induced EMF is called 

EMF. 



8. The induced EMF is of value after current reaches 

a steady value. 



Progresb Check 



9. When current Is in a steady state and ♦he circuit is opened, 
^ starts to collapse. 



10. When the magnetic field is collapsing, the CEMF is in such a 
direction that It attempts to current flow. 



II. On the schematic, indicate (with polarity signs) the polarity of 
CEMF at the instant SW1 Is closed. 



SwI. 



4- 



7^ 



12. On the schematic, Indicate (with signs) the po'.arity of CEMF at 
the instant SW! Is opened. 



Swi 



13. Indicate the polarity of induced EMF in circuit B when circuit A 
»s f I rst energized. 



B 



ERIC 



Progress Check 



Eight-Hi 



Which of the statements below is known as Lenz's Law? 

a. The sum of the voltage drops around a series circuit will 

equal source voltage. 
b. The direction of the voltage drops is such as to add to 

source voltage* 

c. The polarity of the voltage drops is such that when added 

to source voltage, the sum is zero« 
d. The polarity of the induced EMF Is such that it tends 

to set up a current flow that opposes the original 

current. 



15« CEMF IS present in a circuit only when circuit current is 



16. A source that will supply a continuously changing value of £ 
and I is a/an source. 



2hh 
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PROGRESS CHECK 
LESSON IV 

Induction and Inductance 

1. Inductance is the property of a circuit that opposes any change 
in Circuit ^ 



2. A change in circuit current produces a/an that 
opposes this change. — "~ 

3. Lenz's Law is the basis for explaining the property of 



^. The voltage produced by the property of inductance is called 



5. The opposition felt by a changing current is due to circuit 



6. The CEMF present in a circuit due to inductance the 
source current. ~ 



7. Inductance is symbolized by the letter L and is measured in: 

, a. farads. 

b, henrys. 

c . ohms . 

d . nhos . 



8. Very small units of inductance are normally expressed as 
henrys or ^ henrys. 



9. To find L^ of a three-branch parallel inductive circuit, the 
^0''"'"'a would be used. 

10. In parallel, total inductance is always the smallest 

inductance. ~— ' 



11*5 
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Eight-IV 



11. In a series circuit, total inductance is found by the 

individual values of inductance. 



12. A parallel inductive circuit with one inductor of 10 mh and one of 
25 mh would have an L_ of mh» 



13. A series inductive circuit with five inductors of 3, 17, 25, 
30 and 50 mh would have an L- of mh. 



1^. Which of the below diagrams would exhibit the greatest amount 
of inductance? 



a. 




IU6 



Progress Check 



E?ght-IV 



15. List three physical meanb available for increasing the magnetic 
tield strength of an inductor. 



a. 
b. 
c. 



16. To determine the direction of the inductive magnetic field, 
you would use the for coils. 



17. Inserting a core into a coil will create a greater concentration 
of 



18. inductance 



through the coi 1 



be affected by increasing current 



19. List three physical means of increasing induction between two 
CO I Is. 



a. 
b. 
c. 



20. Two coils positioned at right angles will exhibit 
mutual inductance. 



21. Coefficient of coupling will be greatest between which of the 
coi 1 pai rs below? 



5 



B. 
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PROGRESS CHECK ANSWERS 
MODULE EIGHT 



LESSON I 



t. 



2. 



3- 



5 

6. 



Electromagnet ism is the 
production of a magnetic 
field by current flow 
through a conductor. 



2. 



LESSON M (Cont'd) 
3 • permeabl I i ty 

b. number of turns 

c. cross-sectional area of 
the core 

d. current f](M through the 
CO 11 

e. length of core 
LESSON til 



in any 
order 



mot ion 
flux 

conductor 



+ 2. 

South 3. 

1. remote control of circuits 
without the necessity of 
running great lengths of 



high-current wiring, 
decrease safety hazards 
involved in physically 
controlling high power 
ci rcui ts. 

LESSON f I 



6. 
7. 
8. 



a. 
b. 
c. 
d 
a 

inward 
5. expanding 

col laps ing 
opposes 
counter 
zero 



9. fMgnetic field 

10. sustain 



1- b 

2- a 

3- a 
i*-b 



11 



r 

t 



^7K 



12 



7K 
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PROGRESS CHECK ANSWERS 
LESSON m (Cont'd) 



13- 



*7K 



+ 



y 



0 



15. changing 

16. alternating 

LESSON IV 

1. current 

2. voltage or CEMF 
3- inductance 

k. CEMF 

5. inductance 

6. opposes 

7. b 

miin 



8 



9. L 



micro (either order) 
1 



LI L2 IT 



MODULE EIGHT 

LESSON IV (Cont'd) 

13. 125 mh 

14. c 

15. a. Increasing turns In coll 

b. decreasing space between turns 

c. Inserting Iron core 

16. left-hand rule 

17. 1 Ines of flux 

18. will not 

19. a. decrease space between colls 

b. use high permeability core material 

c. increase col! turns 

20. zero or no 

21. a. 



10. less than 

1 1 . adding 

12. 7-1 mh 

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY NOW TAKE THE MODULE TEST. IF 
NOT. STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE 
TAKING THE PROGRESS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON i 



Rise and Oecay of Current and Voltage 

1. In a DC LR circuit, when the circuit is first energizeo, voltage 
'^''op 's across the inductor. 



2. At the instant the circuit is energized, circuit current 



and E^ is 



I s 



3. After five time constants, voltage drop across the resistor 
and circuit current is 



k. When current has stabilized (five time constants), voltage 
drop across the inductor is 



5. As circuit current is increasing, energy is being stored 
3/an field about the coil. 



in 



6. Removing the source and shorting the LR branch will cause 

the magnetic field to and current will flow In 

the direction. 



7. Which of the graphs below correctly indicates CEHF, E , E 
and J_ at T5 when the switch is opened? * ^' ^ 



a. 



b. 



TOT1T213V«1S«l7n^19T10 




Curve a » I and E. 



Curve b * CEMF and E. 



15: 



Pruqross Cht*ck Nine- 1 

8- Ofj ihe ijfuwth iind decay gtaph, the horizontal babe repre*>enth 



9- The purpose of the yraph is to pictorial ly represent the valueb 
of voltage and current in reference to . 



10. The vertical base of the graph represents circuit values of E 
and I in either a or direction. " 



11. Which graph represents current in a DC circuit containing only 
resistance when the switch is closed at Tl? 




fO Tl n T3 T4 TS 



12. Current is slower to reach its n^xirium value in a circuit con- 
taining inductance due to the generated by the inductor. 

13- The ^ of the LR circuit is greatest at Tl due 

to the rate of change of current being greatest at this instant. 

1^. The polarity of the CEMF always the source EMF 

during current rise. 
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15. When a circuit is first de-energized, the value of 
. is maximum. 



16. What values are represented by the graph below when a DC LR 
circuit is energized? 



I00« 




TO n T2 13 



T5 



a. curve A; E^^ curve B 

b. Ej^ curve B; I curve B 
Ej^ curve A; E^ curve B 

d. C.E.M.F. curve A; I curve A 



ERIC 
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Progresb Check Nine-I 
17. On the graph below, the greatest rate of change is at times 




a. T1-T2 and T6-T7. 

b. T2-T3 and T5-T6. 

c. T1-T2 and T5-T6. 

d. T2-T3 and T6-T7. 



1$6 
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PROGRESS CHECK 
LESSON M 



Nine-f t 



ERIC 



LR Time Constant 

1. A time constant Is the length of time required for current to 

.ncrease or decrease to of its maximum or minimum 

va f ue • 



2. The greatest increase or decrease in current takes place during 

a. first TC. 

b. second TC. 

c. third TC. 

d. fourth TC. 



3. A circuit time constant is determined by the formula: 



a. TC4 

b. TC = 5. 

c. TC = R + L 

d. TC » RL 



1°'' P^fctical purposes five time constants are required to 
reach J_ maximum. Each time constant of the five is: 

a- of equal time. 

^- inversely proportional to CEMF. 

c. varied as current varies. 

proportional to appl ied vol tage. 



5. The time constant of an LR circuit containing an inductor 
of 50 mjllihenrys and a resistor of 5 Kohms is: 

a- 0.01 seconds 

b. 10 seconds 

c. 10 ..seconds 

d. 10 mseconds 
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Nine-it 



6. From the previous question, we find that it will tal<e 
for circuit current to reach maximum. 



a. 50. seconds 

b. 63. seconds 

c. 78.. seconds 

d. 86.. seconds 



Which uf the following combinations will have the g^'eatest 
time constant? 



a. R 

b. L 

c. R 

d. L 



100 L 

100 mh R 

50.. L 

10 h R 



10:.h 
100.J 
500 mh 
1.. 



8. With a maximum value of 7 amps possible, current will be 
amps after two time constants of current rise. 



On the graph below, indicate correct values of percentage at 
each point indicated. 
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10. The graph below «»hows current increasing. Curve A represents 

or 



Nine-I i 



\ 








































1 











10 



Tl 



T2 



T3 



T5 



n. In an LR circuit, doubling the TC wi M have what effect on 
the growth curve? 



a. Curve will be steeper, current reaching its maximum 
value quicker. 

b. Curve will be flatter, indicating a longer time to 
reach I maximum. 



12. One time constant is the length of time required for circuit 
current to increase to: 

3- 85.5% of maximum. 

b. SS-i of maximum. 

^ c. 63.2^ of maximum. 

d. 62.3^ of maximum. 
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PROGRESS CHECK 
LESSON fli 

Uniytirbj! Time Constant Chart 

« 

1. Curvf A depicts current from to 

(v-jxiinum v<ilutf in percentages. 

863% 



10 T1 T2 T3 U T5 



2. In the preceding graph, current haii increased to 

percent In tvio time constants and CEMF, if plotted on the graph, 
would have decreased to percent. 



3- As current is increasing, CEMF is and may be 

indicated in percentages. Indicate percentage of CEMF on 
(|raph . 



b 

i 







1 




f 


\ \ \ 






! i 






1 1 - 1 1 

1 { 

! 1 
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^. As current increases through the circuit. 



Nine>l 1 1 



dropped across L, and 
across R. 



vol tage 



voltage is dropped 



5- As Ej_ and CEMF are plotted as one. curve A represents 

voltage drop and curve B represents voltage"d?^ 



V 




















































6. The TC of the circuit below is 

flowing through the resistor at T3 i 



The current 
amps . 



-AAAA- 



" lalOOv 



SOh 
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7. Using circuit values in question 6, indicate on the graph the 



values of i. at TC points indicated, 
and indicate the value of CEMF/E, at 



Draw in the other curve 
TC points. 



IjOO 



.80 



.60 

A 
M 
P 

S AO 



30 















































1 


1 



TO 



T1 



T2 



T3 



T4 



T5 



8. 



Again using the circuit in question 6, plot on the graph the 
values of at all five tirr^ constant points. 
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9. On the graph draw the E- and E, curves and indicate the point 
at which E_ = E, . *- 

K L 



a 



Efi 











































i 

I 1 











U T2 T3 T4 T5 



10. In a circuit containing an L, of 500 n^, a resistance of 
1,000- (1 k..), and a source of 250 v, 



a. the value of the maximum voltage drop across L is 
, volts at Time . ~ 



b. the maximum resistive voltage drop is 
at TC . 

c. the TC is 

d. the maximum current possible is 



vol ts 



11. Doubling the value of in question 10 will cause TC to 



12. Decreasing the value of H fn question 10 by one-half will 
cause L to 



13. With an R of 1 k and L of 5,000 mh, TC will be 



If a source of 500 volts is added to the circuit in question 13 
a current of amps will be flowing at T3. 



15. Decreasing the source voltage of question 1^* by one-half and R 



by one-half will cause 1^ to 
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PROGRESS CHECK 
LESSON iV 

tnducttve Reactance 

1. The property of a coi! is such that it any 

change Jn ^ 



2. Frequency is a factor in determining the opposition an inductor 

offers to circuit current; hence, an inductor is a 

component . 



3- By combining inductance and its property of reactance, we get 
which is symbolized by ^ 



Inductive reactance is an opposition to current and Is measured 

in 



5- Unlike resistance, however, X^^ Is affected by changes in 



6. As Xj^ Is determined in part by frequency of the source, a cir- 
cuit containing a source of 250 volts DC would exhibit 

X 

(maximum, minimum, zero) 



7. The formula for determining the reactance of a coil is 

\' • 

8. From the formula for Inductive reactance, it is easy to see 

t^ait and are variables and 

is a fixed value. 
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9. The circuit below has an %^ of 



R no 



Eo aoov 

60 Hs 



ohms . 



1 

a 



L sOOmh 



to. The opposition offered to current flow in the circuit be! 



ow 



a. 18.8^.:. 

b. 188. 

c. 1,88i»... 

d. I8,8i»0.. 



60Hs 



11. Determine X^^ in the circuit belovi. 



-(Sh 



a. ohms. 

b. 100 ohms. 

c. 125 ohms. 

d. 250 ohms. 



L 5h 



i .02H 



12. As the frequency in a purely inductive circuit Increases, in- 
ductive reactance: 



a. increases. 

b. decreases. 

c. does not change. 

d. decreases to zero. 
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13. Which of the following determines the inductance of 
a CO 11? 

a. frequency 

b. vol tage 

c. current 

d. physical construction 



1A. The henry is the unit of: 



a. inductance 

b. resistance 

c. capact tance 

d. impedance 



15. A coil is said to possess an Inductance of 1 henry If an EMF 
of 1 volt is induced in the coil when a current through the 
coil is changing at the rate of per second. 

a. 1 ampere 

b. 2 amperes 

c- 3 amperes 

d. k amperes 



16. If you increase the Input frequency of a circuit from 60 H2 
to 120 Hz, the inductance will: 

a, double. 

b- halve. 

^ c. increase. 

d. not change. 
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PROGRESS CHECK 
LESSON V 

Relationships in Inductive Circuits 

1. The value of reactive power (P ) is determined by using the 
formula 



2. is an .opposition to current as is R. The circuit current 



be I ow is 



amps . 



fo200V 



i 

3 



X^= 100: 



3. 



Since an inductor reacts to frequency changes, what effect would 
the following values experience if frequency were doubled? Answer 
increase , decrease, or remain the same to each part. 



a. X, 



c. E, 



d. E. 



e. R 




A. In an LR circuit, what would happen to P^ if f ret, lency were 
increased? ' 



5. What effect would increasing the frequency have on an inductor's 
magnetic field? 



6. T 



rue power Is dissipated only in a circuit whi.h contains 
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7. In an inductive circuit containing no^ resistance* pc^er in 
the circuit is classed as ^X3wer. 

8. All po^ver in a purely react \ye circuit is not in reality 
consunied; it is stored in a field. 



9. Since it Is returned to the circuit on the next half cycle, it 
is called pc^er. 

10, Power stored in a reactive circuit is n^asured in 
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PROGRESS CHECK 

LESSON VI 

Phase Relationships in Inductive Circuits 

I. In an inductive AC circuit the current lags the applied voltaqe 
by : ' 

a. 360° 

b. 270°. 

c. 180°. 



d. 90°. 



2. The CEMF of a coil will be greatest when the current sine wave 
IS at • 



a. maximum negative value. 

b. passing through 0 value 

c. .707 of maximum value. 

d. maximum positive value. 



3. In an AC inductive circuit, the voltage is such that it 

a. lags current by 90°. 

is in phase with current. 

is out of phase with the current by l80°. 

d. leads current by 90°. 



In the circuit below, what phase relationship exists between 
the voltage applied to the conductor and the self- induced 
voltage in the conductor. 



^' ^ind '^^^^ ^a ^ 

'^^^^ ^Ind 90° 

c. E^ and E.^^ are in phase. ^--^ 

^' ^ind ^a '^0° °^ phase. 



y 
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Which vector diagram correctly represents the phase relationship 
between voltage and current In a purely Inductive circuit. 
(Current is the reference value.) 



a . 



b. 



d. 



J ^ 



At what point on this current sine wave Is the current going 
through Its greatest rate of change. 




7. Which vector diagram correctly represents the phase relationship 
between applied voltage and CEMF. A 



a. 



CfMF 



b. 



CCMF 



c. 



d. 



,CfMF 



CfMF 



la 
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P_ROGR£SS CHECK ANSWERS 
KODULE NINE 



LESSON I 



1 . max i mum 

2. minjmufii and minimum 

3. maximum and maximum 
k. zero 

5. magnetic 

6. collapse, same 

7. a 

8 . t 1 me 

9. time 

10. positive, negative 
n. a 

12. CEMF 

13. CEMF 
opposes 

15. CEMF, Ej^ 

16. c 

17. c 



LESSON H 

1. 63.2? 

2. a 

3. a 
^. a 

5. c 

6. a 

7. d 

8. 6.05 amps 

9. A. 63.2% 
B. 86.5% 



AMPS 



LESSON 1 1 (Cont'd) 

9. C. 95% 
0. 98^ 
E. 100'^ 

10. I, ER 

11. b 

12. c 

LESSON fn 

1. growth or rise, minimum 

2. 86.5^, 13.5^ 

3. decreasing 

a. 36.8: 

b. 13.5^ 

c. 5^ 

d. 2% 

e. 05: 
less, more 

5. resistive, inductive 

6. 0.5 seconds, 0.95 a or 950 ma 

7. 



.40 
.20 



\ 

>X. - 




<fl6SA 






* — \~~^ 
























— 

1 








, 1 




^1 





IjOA 



rema i ning 
CEMF/E, 



OV 
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PROGRESS CHECK ANSWERS 



MODULI NINE 



8 



fOOr 



KX>V 



1 1 . doub ie 



60 



VOLTS 



40 



20 










'95V 


98V 











































TO 



Tl 



T2 



n 



T4 



TO 



Tl 



T3 



T4 



10. a. 250 V, zero 

b. 250 V, 5 

c. 500 . second 

d. 250 ma 



12. remain constant 

13 . 5 nil 1 1 i •seconds 
1^. A75 ma 

15. remain the same 











































/ 


1 > 

1 









LESSON tV 

1. opposes, current 

2. reactive 

3. inductive reactance, Xj 

^ . ohms 

^^5- frequency 

6. zero 

7. 2 fL 

8. frequency and L, 2 

9. 188 . 



10. c 

11. d 

12. a 

13. d 
U. a 

15. a 

16. d 



T5 



1 . 

2. 
3. 



LESSON V 



a. increase 

b. decrease 

c. decrease 
d* increase 

e. retrain the same 
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MODULE NINE 



LESSON V (Cont'd) 
^. would decrease 

5. changes will be faster 

6. resistance 

7. reactive 

8. magnetic 

3- reactive power 

10. volt amps reactive (var) 

LESSON M\ 

1. d 

2. b 

3. d 

4. d 

5. d 

6. c 

7. b 



fF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT. 
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING 
THE PROGRESS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON i 

Transformer Construction 

Due to the methods of construction and materials used, main< 
tenance of ordinary transformers is required: 

a. weekly. 

b. monthly. 

C. infrequently. 

d. often. 



2. An air-core transformer. Is best at 



a. high frequencies. 

b. low frequencies. 

c. high current. 

d. high voltage. 



The schematic symbol beloiv is for a/an 
former. 



trans- 



a. step-dov./n, iron-core 

b. step-up, paper-core 

c. step-down, air-core 

d. step-up, iron-core 



1:2 



115V 



The schematic symbol below Is for a/an 
f jrmer , 



trans- 



a. step-down, iron-core, tapped secondary 

b. step-up, air-core, tapped primary 

c. step-dcHvn, air-core, tapped secondary 

d. step-up, iron-core, tapped secondary 



1:3 



INPUT*=* 

.__3 
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The schenatic symbol below !s for a/an 
former. 



trans- 



a. step-dovn, i ron-core 

b. step-up, ai r-core 

c. step^down, al r-core 
d* step-up, I ron-core 



115V 



J 



6. A transformer Is a device that transfers electrical energy 
from one circuit to another elect rical ly-^isolated circuit by: 

a. magnetizing current. 

b. electromagnetic induction. 

c. exciting current. 

d. eddy current. 



7. An iron core is used in a power transformer in order to: 



a. concentrate the field about the windings. 

b. release the high-frequency currents. 

c. disperse the field about the windings. 

d. increase the eddy currents. 



8. The part of a transformer connected to the source Is called the: 



a. primary winding, 

b. secondary winding. 

c. iron core. 

d. laminations. 



9. The macerial used to separate the core laminations of a power 
transformer is usually: 



a. paper. 

b« carbon. 

c. lead. 

d. varnish. 
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10. A transformer designed for low-frequency operation requires 
a core of: 

a. low pern^abinty- 

b. lew reluctance. 

c. high retenttvity. 

high copper loss. 

11. Iron-core transformers are normally used at: 



c. 



a. 
b. 



low frequencies, 
low vol tages - 
high currents, 
high frequencies. 



12. The coefficient of coupling 



for the two coils would be: 



c. 



b. 



effect I ve. 



max I mum . 
mini mum . 
average. 
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PROGRESS CHECK 
LESSON ti 

Transformer Theory and Operation 

1. On the schep^atlc, the dots indicate the: 

^ ^3- areas where the insulation has broken down. 

lop iead of the primary and secondary have the san^ 

polar J ty . 

c, primary and secondary have the same number of windings. 

d- polarity of the secondary is opposite to the primary. 




2- A btep-dovin transformer receives energy at one voltage and 
del i vers i t at a/an: 

^ a- equal voltage. 

b. lower frequency. 

c. lower voltage. 

d. higher voltage. 



3- The small current that flows in the primary winding of a 

transformer witfi no load connected to the secondary is called 
the current. 

a. secondary. 

b. exciting. 

c. eddy. 

d- leakage. 



^. The extent of coupling between tv^o inductors is expressed by: 

J- varying current. 

b. counter EMF. 

c. self-inductance, 
coefficient of coupling. 



leo 
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5. The phase of the secondary winding of a simple transformer 
depends on the polarity of the primary winding and the: 

a. wire gauge. 

b, number of windings. 

c. transformer losses. 

d. direction of the windings. 



6. Which waveform would be correct for the output of the secondar 
in the illustration below? 



a. 



b. 



d. 




z 

I 



-o 
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PROGRESS CHECK 
LESSON I i I 

Turns and VultQgje Rjf io s 

1- It the primary of a pwer transfornKir has 2,000 turns vyith 

120 volts AC applied, how niany turns are needed in the secondary 
to have an output of 6 volts AC? 

60 turns 
100 turns 
166 turns 
600 turns 




2. A step^up transfonuer has lov/: 

a, volta<}e input, ti igh-vol to<)e output. 

b. current input, h i<jh-cur rent output. 

c. power input, hiiih-pcnver output. 

d. frequency input, high-frequency output. 



11 «i i):l ratio st<*p-dov/n transformer has 2i>0v on ifie priiikiry, 
what i . the secondary vol taqt?? 

a. 2Sv 

_ b. iOv 

c, 250v 

d, 1250V 



Cofnpute the output voltage (Eqi ) in the ii lustration below^. 

KL 



a. ^Ov 

b. 30v 

c. '♦OOv 

d. 600v 



3 

120V o\ 

3 



3 




2a 



ino 
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A step-down transformer receives energy at one voltage and 
del ivers i t at a/an: 

equal voltage, 
lower frequency, 
lower voltage, 
higfier voltage. 

A transformer which has a lov;er secondary voltage than orir 
voltage Is a/an: 

a. step-up transformer. 

air-core transformer. 

c- step-d«vn transfornwr. 

rf- iron-core transformer. 




If the primary of a poiver transformer has kOO turns with 
120v AC applied, what is the voltage output from a 50 turn 
secondary? 

a. 12 V 

\ b. 15 V 

c. 20 V 
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PROGRESS CHECK 
LESSON tV 

Power and Current 

It o 3:t ratio siep-dc^vn transformer has 3 amps of current in 
the prin»ary, what ih the current in the secondary? 



a. la 

b. 3a 

c. 9a 

d. 6a 



Hoiv much Current is flov/ing through the resistive load In the 
c I rcu f t below? 



a. 3 amps 

b. k ampb 

c. 5 amps 

d. 6 ar-.ps 



6) 
I 



lOOO TURNS' 



Ip 2A 




^00 V 
20 V 
^0 V 
d. 200 V 



b. 
c 



In thf illustration below the applied voltage is: 

If 

% 3A 




J 



200V 



In a step-down transformer the current through the secondary 

w ill be : 



a . 

b. 
c* 

d. 



less than the current in the primary, 
greater than the current in the primary 
the same as the primary, 
directly proportional to frequency. 
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In the circuit below, If the switch Is closed, the current 
flow in the primary will: 



a. increase. 

b. decrease. 

c. not change 

d. stop. 



r 



4> 



} 
} 



6. In a step-up transformer the primary current 5s 



a. HKjre than the secondary current, 

b- less than the secondary current . 

c* equal to the secondary current, 

d. equal to the coefficient of coupling. 



7. Compute the primary current floiv for the transformer shown below. 



a. 
b. 
c. 
d. 



2 amps 

3 amps , 
6 amps < 
9 amps. 




oisi6af 



R|40 



^ 



112 20 
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PROGRESS CHECK 
LESSON V 

TransfornHir Efficiency 

1. Whdt IS the efficiency ut a transformer with an input of 
120 volt amperes and an output of 108 watts? 

a. 100^ 

b. 90<: 
c- 50/ 

d. 0 



2- If the input power of a transformer is 600 va and the output 
poi'/er is 59^ what is the efficiency? 

a- 90/ 

c. 99-^ 

d. 100/ 



3. The energy used to realign the magnetic structure of a transformer 
core twice each cycle is dissipated as heat. This loss Is called: 

a- copper loss. 

b. f lu)< leakage. 

c. hysteresis loss. 

d. eddy current loss- 



What is the efficiency of the i llus t rated t ransforn^er? 



a. 
b. 
c . 
d. 



98V, 
60/ 
\00l 

m 



-0- 
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5. Which type of transformer loss U reduced by using silicon steel 
as the core n^terial? 

«>• copper loss 

fa- flux leakage 

eddy currents 

^- hysteresis loss 



6. The undesirable currents In a transformer core are 
Currents. 

a. rat lo 

b. eddy 

c. primary 

d. secondary 



7. Transformer cores are laminated In order to: 

^- Increase displacement currents. 

fa- reduce nnjtual inductance. 

^- provide an easy path for current. 

reduce eddy currents. 



8. The current handling capacity of a transformer is determined by 



the: 



a. appl led vol tage. 

b. thickness of Insulatlon- 

c. shape of the core. 

d. physical size of the wire used. 



9. Copper losses may be minimized by using; 

^- larger diameter wire. 

fa- High-resistance wire. 

^ c* laminated cores. 

____ d. coaxial cable. 



10. The power dissipated by winding resistance in a transformer 
• s called I R loss, or loss. 

^- eddy current 

^ b. copper 

c. hysteresis 

d. core 
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PROGRESS CHECK 
LESSON VI 

Semiconductor Rectifiers 



1. A semiconductor rectifier; 



a. rectifies AC to pulsating DC. 

b. rectifies DC to AC. 

c. pulsates. 



2. Select the schematic symbol for a rectifier, 
a. 



b. 



* 

d. 



"nnnnnrr" 

3. Select the drawing which will allow current to flc^j. 

— 



a. 
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1. c 

2. a 

3. d 
k. d 

5. a 

6. b 

7. a 
8.. a 

9. d 

10. b 

11. a 

12. b 

LESSON { I 

1. d 

2. c 

3. b 
A. d 

5. d 

6. b 

jjSSON ttl 

1. b 

2. a 

3. b 



PROGRESS CHECK ANSWERS 
MODULE TEN 

LESSON III (Cont'd) 

4. c 

5. c 

6. c 

7. b 

LESSON IV 

1. c 

2. c 

3. a 
b 

5. a 

6. a 

7. c 

LESSON V 

1. b 

2. c 

3. c 

c 

5. d 

6. b 

7. d 

8. d 

9. a 

10. b 
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MODULE TEN 



LESSON Vi 



1. a 

2. c 

3. b 





ACCIDENTS 

don*f Just happen- 

mr ARC CAUSED f 



fisr cm mmiE 



IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT, 
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING 
THE PROGRESS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON i 

The Capacitor 

1. Two metal plates separated by a non-conductor ?s an exafnple 
of a/an: 

a. res is tor . 

b. inductor, 

, c, capacitor. 
^ d. generator. 

2. The material between the plates of a capacitor is called the! 

a. farad. 

^ b. dielectric. 

c. reactor. 

d. inductor. 



3. Charging of a capacitor occurs when electrons . . 

^ a. forced onto both plates. 

b. drawn from both plates. 

forced onto one plate and drawn from the other plate* 

d. drawn from the dielectric. 

Energy is stored in a capacitor in the electrostatic field 
through the: 

a. plates. 

^ b. dielectric. 

c. conductors. 

d. leads. 



5. The energy used to create an electrostatic field through 
the dielectric in a capacitor is recovered when: 

^- electrons are permitted to return to their normal 

positions on the plates* 

b. the capacitor charges- 

current flows between the plates. 

^- a voltage source is connected across the plates. 
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6. Whefi i) cd|uic5luf is chjfqed, the bound electrons in the 
U i t; 1 eel r I L : 

^. "'o.M- t ror^ - to + charged plates. 

i:?uvf f run ^ to • charged plates. 

dTt^ .'lot affected by the charged plates. 

d. Have their orbits distorted. 



7- A Ccjpdcitor I . able to store energy in an electrostatic field: 

_ between the plates. 

b. on the plates. 

c. in the conductors. 

d . i f» the I eads . 
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PROGRESS CHECK 
LESSON fl 

Theory of Capacitance 

1. The property of a circuit which opposes a change in voltage 
Is cal led; 

^. resistance. 

b. inductance. 

c. capacitance. 

d. current. 



2. In a given capacitor, changing the dielectric to one which has 
' greater dielectric constant will have what effect on its 
capac i tance? 

a. decrease 

b. Increase 

c. not change 

decrease by one-half 



3. The capacitance of a capacitor Is the plate area. 

3- directly proportional to 

b. inversely proportional to 

c. equal to the square of 

<i' equal to the square root of 



k. Which is the correct relationship between plate spacing and 
capaci tance? 

^' Capacitance is directly proportional to the square of the 

distance between plates. 
Capacitance is Inversely proportional to the square of the 

distance between plates. 

^' Capacitance is directly proportional to plate spacing. 

^- Capacitance is inversely proportional to plate spacing. 



5. Since a capacitor reacts to a voltage change by producing a 
CEMF, a capacitor is said to be: 



a. inductive. 

b. resistive. 

c . e I ec t romagne tic. 

d. react Ive. 



197 



Progress Check Eleven-H 

6. The cjpjcitance of a capacitor Is the distance 

biftvveen the plates. 



a. directly proportional to 

b. inversely proportional to 

c. uqual to the square of 

d. equal to the square root of 
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Eleven- I } i 



1. 



PROGRESS CHECK 
LESSON iil 



Total Capac i tance 
Capacitance is the property of a circuit that opposes a change 



in: 



a. current. 

b. voltage. 

c. res istance. 
capacitlve reactance. 



2* The plates of a capacitor are separated by a: 



a . w i re . 

b. coil. 

c. semiconductor. 

d. dielectric. 



3. The plates of a capacitor, in relation to the conductors, have: 



a. a small cross-sectional area. 

b. a large cross*sect ional area. 

c. high resistance. 

d. low reactance. 



^. The total capacitance in the below circuit is; 



a. 12 ;.f. 

b. 3 .f. 

c. 1.2 ^f . 

d. 0.3 ^f. 



3 iild 



6 ufd 



ufd 



ERIC 
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I'royre^s Check Eleven- 
S. Dotcrt'tine total capacitance in the beloiv circuit. 



a. 2.75 f. 

b. 1.62 ..f. 

c. 6.5 ..f. 

d. 0.15^ f. 




.25 ufd 



6. Determine the total capacitance in the below circuit. 



a. 1.2 ,f 

b. 6.0 . f 

c. 1.0 ,f 

d. 0.5 . f 




.3 uM 



7. The total capacitance of the below circuit is; 



a. 10 ,f. 

b. 20 ..f. 

c. 5 f. 

d. 0.5 . f. 




10 ufd 
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otjre^is Check £1 
Whai is thf total capacitance in the below circuit? 



a. 0.010 f . 

b . 0 . 090 . f . 

c. 0.030 . f. 

d. 0.015 f . 




.03ttf 



What ib the total capacitance of the below circuit? 



a. 1.63 pf 

b. A. 67 pf 

c. 11 pf 

d. 5 pf 



2pfd 




6pld 



Determine the total capacitance in the below circuit 



a. 15.00 .f. 

b. 60.00 ,.f. 
c 6.66 , f. 
d. 36.66 .f. 




K> uld 
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Progress Check Eleven- 
II. What is the total capacitance of the below circuit? 



a. 
b. 

c. 
d. 




12. The total capacitance of the below circuit is: 



a. kO pf . 

b. 20 pf. 

c. 10 pf. 

d. 5 pf. 



13. Determine the total capacitance of the below circuit. 



a. 11 .f. 

b. 1 ..f. 

c. 0.66 uf. 

d. 0.33 -f. 



6 wfd 



T 



2 ufd 



3 M 

yk. What is the total capacitance of the below capacitors? 

lOufd 



a. 2.9^* -..f 

b. 40 J 

c. 0.3A lif 

d. 294 ..f 



» ufd 



202 



Progrebb Check 



Eleven-IV 



PROGRESS CHECK 
LESSON tV 

RC Time Constants 

1. As the capacitor assumes a charge, the EMF developed across 
the capacitor: 



a. aids the applied voltage. 

b. opposes the applied voltage. 

c. causes the current to increase. 

d. decreases the applied voltage by 1/2. 



Displacement current is the current which flows in a 
capacitive circuit when the capacitor Is: 

_ . a. charging only. 

. b. discharging only. 

both charging and discharging. 

d. shorted. 



3. In an RC circuit, the capacitor requires an amount of time to 

become fully charged due to limiting the charging 

current. ^ ^ 

a. EMF 

b capacitance 

resistance 

inductance 



5f the resistance is doubled in a series RC circuit the tl 
constant will: t ^ wi 

^ a. decrease by half, 

b. double. 

c. decrease slowly. 

- be 63. 2^ of Its original value. 



istance added to a capacftfve circuit causes a decrease of: 

_ a. charging time. 

_ b. displacement current* 

c. applied voltage. 

_ d. capacitance. 
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b. Itie ttU'ct »•< dddifici rt's i stjnn? in j c.ifj.it i t i vt- circuit is to: 

ij . ifxrt'j' c I he churqinti tliUf. 

l> . detredst' the churqinq tii^if. 

». . incn-dse the currt-nt dra(7n. 

J. dfcrt-.isc thu totji vollJ<i«.' drof). 



/. W'-.j! i . I »!f I i- v cm'.taftt ol the IjcIov* circuit'/ 



0-3 !:>ie<-. 
300 :-.ec. 
0.3 -.oc. 
0 . 7^ -.f'C 



20 



15 ufd 



'6. Whot i\ Mie I iff con-. taut o1 Itic ijcluw circuit? 



b 
c 

d. 



1000 msec 
100 -nsfefc 
10 I'i'.ec 
1 cisec 



10K 



lOOufd 



3. Di'ifrniine the volue of volldqe .icros*. the capucitor at the end 
of Ivju t iiiic constants of discharge . The Ccjpacitor had 100 volts 
.jcru.-. its plates when discharge started. 



b , 
c . 

d. 



86.5 V 
5.0 V 
95.0 V 
13-5 V 




10K 



ERIC 
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Progress Check 



E leven- j V 



10. During charne tine, the voUaye acrcb the capacitor after 
four time constants wiH be: 



J- 237.5 V. 

b. 2^5 V. 

c. 12.5 V. 

d. 5 V. 



40 



350V 



3Mf 



11. After two tine constants, the voltage on the resistor in the 
below ci rcui t will be: 



a. 29^.0 V. 

b. 259.5 V. 

c. 40.5 V. 

d. 15.0 V. 



75 



300V 



Xituf 



12. During discharge, after 3 time constants, what is the value of 
current in the below circuit? The capacitor was fully charged 
before discharge started. 



a. 
b. 
c. 
d. 



0.1 amp, 
1 . 0 amp. 
1 . 9 amp . 
0 . 2 amp . 



25 



KX)V 



2ufd 



ERIC 
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Pruyress Check Eleven- IV 

13- Deterrune the time conbtant of the betov; circuit. 



a. 3 sec* 

b. 8.3 sec. 

c . 1 . sec. 
d- 30 .**ec* 



6 M 



Spfd 



tA. What IS the time constant of the circuit belov;? 



a. 1000 picoseconds 

b. 62.5 microseconds 
c* 10 picoseconds 

d. 6,25 microseconds 



— 25V 



25K 



250 pf 



15- When a conducting path is provided, a charged capacitor acts 

as a: 



a. 
b. 
c . 
d. 



source, 
load. 

conductor, 
res f stor . 



ERLC 
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PROGRESS CHECK 
LESSON V 

Capacitlve Reactance 

The capacitance of a capacitor can be determined by: 

. a. dividing the voltage by the stored charge. 

b. multiplying the voltage by the stored charge. 

^- <<ividing the stored charge by the voltage. 

d. dividing the rate of change of current by the voltage. 



A capacitor has a charge of 3-.05 coulotnbs with 1000 volts 
difference in potential between Its plates. What Is Its 
capaci tance? 

a. 0.0005 farads. 

0.00005 farads. 

c. 0.000002 farads. 

d. 20000 farads. 



3. Determine the capacitance of a capacitor with O.OOl coulomb of 
charge stored when 200 volts Is applied. 

a. 0.000005 farads. 

b- 0.00005 farads. 

c. 0.000002 farads. 

d. 0.00002 farads. 



The opposition a capacitor offers to s.t alternating current Is 

a. capacitance. 

b. farads. 

r., inductive reactance. 

capacitlve reactance. 



apacitive reactance is dependent upon both capacitance and: 

a- circuit current. 

resistance of the circuit. 

magnitude of the applied voltage. 

^' frequency of the applied voltage. 
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6. Whjt is the capacitlve reactance of the capacitor in the circuit 
below? 




7. Capacitive reactance (X^) Is an Inverse function of capacitance 

and : 

a. frequency. 

b. CCMF. 

c. applied voltage. 

d. current. 



8. What Is the capacitive reactance of the capacitor in the circuit 
belov/? 



a. 5 

b. 500. 

c. 31.^ k.. 

d. 31.^ 




31.4 uf 



9. What is the capacitive reactance of the capacitor In the circuit 
below? 



a. 5.0 

b. 2.5. 

c. 62.8 k.. 

d. 62.8.. 



62. Buf 



10. What \i the capacitive reactance of the capacitor in the belav 
ci rcui t? 




.159iiM 
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Pt uresN Check ^. 

IK Capduifivt. reactance U the oppcsttion o capacitor offers to: 

^- ^ chanqe in current* 

a change in voltage. 

. alternating current. 
^« direct current. 



ELECTRICITY packs 
a terrific wallop! 




BEST COPY AVAlUBil 



ERIC 
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PROuRESS CHECK 
LESSON VI 

Phase and Po.ver Relationships 

1. Capacitance is the property of a circuit that opposes a change 
in: 

a. current . 

b. vol tage. 

c. resistance. 

d. capacftive reactance. 

2. The plates of a capacitor are separated by a: 

a. wire. 

b. coi I . 

c. semiconductor. 

d. dielect/ic. 



3. When a voltage changing at the ra e of 1 volt per second 
causes a charging current of 1 amp to fla-s the capacitance 
is equal to 1 : 

^ a. henry. 

b. ohm. 

c. coulomb. 

d. farad. 



k. In a purely capacitive circuit, with current as a reference, 
where does the voltage vector lie? 

a. ^90^ 

~c. -270^ 
d. +180^^ 



5. In a purely capacitive circuit, the p<^/er dissipated is: 

a. 0.707 of instantaneous power- 

b. tKi product of current and voltage. 

i z ^- . 

d. al' negative. 
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6, In an AC capacitive circuit, the current 

a. is in phase with the vo1*!age» 

b. lags the voltage by 90 , 

c. leads the voltage by 90 . 

d. lags the voltage by 180°. 
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PROGRESS CHECK 
LESSON Vil 

Capacitor Design Considerations 

1. An advantage of the rotor-stator type capacitor Is that its 
capaci tance: 

^ a- is of very large value. 

may be varied over a prescribed range. 

c. is of very small value. 



2. Polarity must be observed in the wiring connection of 
capaci tors. 

a. ceramic. 

b. trinwner. 

c. variable. 

d. electrolytic. 



3. What type of capacitor is considered to be self-healing? 

a. Oil. 

b. Electrolytic. 
c. Paper. 

d. Hica. 



^. The two primary disadvantages of electrolytic capacitors are 
that they have a lov/*leakage resistance and they are; 

a . po I ar i zed . 

b. self-healing. 

c. very expensive. 

d. highly i nf lanvnable. 
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PROGRESS CHECK ANSWERS 



LESSON I 

1. c 

2. b 

3. c 
k. b 

5. a 

6. d 

7. a 

LESSON n 

1. c 

2. b 

3. a 

4. d 

5. d 

6. b 

LESSON HI 

1. b 

2. d 

3. b 
k. c 

5. d 

6. d 

7. b 

8. b 

9. a 

10. a 
It. b 



MODULE ELEVEN 

LESSON 111 (Cont'd) 

12. b 

13. b 
U. a 

LESSON IV 

1. b 

2. c 

3. c 

4. b 

5. b 

6 . a 

7. a 

8. a 

9. d 

10. b 

11. c 

12. d 

13. d 
d 

15. a 

LESSON V 

1. c 

2. b 

3. a 
^. d 

5. d 

6. c 

7. a 
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MODULE ELEVEN 



LESSON V (Cont'd) 
8. a 
3. b 
10. d 
11 . c 

LE SSON VI 

1. b 

2. d 

3. d 
k. b 

5. c 

6. c 

LESSON VM 

1. b 

2. d 

3. a 



IF YOUR ANSWER'^ ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT, 
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING 
THE PROGRESS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON I 

Voltaqe and Impedance in AC Series Circuits 

The .tfuctive values of the voltage drops in a series LR circuit 
do not add up to the total voltage because 

a. effective voltage is not real voltage. 

b. current through the inductor is not the same as current 

throuqh the resistor. 

the voltage across the inductor is not in phase with the 
voltage across the resistor. 

the instantaneous valuer of the voltage drops do not equal 
the effective values. 




The graph at the left shoves the 
current sine wave and three voltage 
curves for a s' ries RC circuit. 



Which of the following correctly id-ntifies the three voltage 
sine 'vaves? ' 



a. n 

b. X 

C . X 

d. X 



Ej.; y = Ej^; z = E, 

E^; y « Ej.; z = Ey 
E^; y = Ej.; z = E 



The total opposition to current in a circuit that contains 
resistance and reactance Is called: 



a. impedance. 

b. polar notation, 

c. resistance. 

d. complex notat ion. 
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Progress Check Tv^elve-I 

^. In a reactive circuit, the total opposition to current flow is: 



ERIC 



a. . 



5. IfT.pedance ib 'he op]K)sition that an AC circuit offers to: 

a. a change in current, 

b. a change in voltage. 

c. frequency variations. 

d. current . 



6. The vector ^um of resistance and reactance in a series RL circuit 

i s : 

_ ^ ^ a. reactance. 

b. inductance. 

c. capacitance. 

d. ippeJance. 



7. fn a circuit that contains reactance and resistance, the total 
opposition tj current is called: 

a. complex notation. 

b. Impedance* 

c. resistance. 

d. polar notation. 



8, What IS the phase relationship between voltage and current in 
an AC series resistive circuit? 

a. E leads by 90^. 

b. I leads E by 90^. 

c. T lags E by 90 



d. £ and I are in phase. 
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Progresi. Check 

9. In the illustration, the current: 

a. leads the voltage by 9p° 

^- lags the voltage by . 

c. leads the voltage by 

d. lags the voltage by 90 . 



10. In the circuit below, the current 

3' leads the voltage by 90° 

b. lags the voltage by AS . 

c. leads the voltage by ^5 

lags the voltage by 90 . 



ERIC 
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Twe 1 ve - H 



PROGRESS CHECK 
LESSON I ! 

Vector Computations 

1. The magnitude of the vector ihown below Is and its 

standard direction is 



a. 15^, 25 

b. 25°, 15 

c. 25. 15° 
d. 15. 25° 



2. The tangent of the angle for a total voltage vector is equal 

to: 




3. The ratio of inductive reactance to impedance is equal to: 

a. TAN l_ 

b. SfN /• 

c. COS 

u. I- 



A. The cosine of the phase angle in a series circuit can be found 
us Ing: 

a. Ej^ and R. 

b. Xj^ and Z. 

c. Ej^ and E^. 

d. R and X. . 
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5. Find the impedance of the circuit. 



Twelve- 1 1 



a. 
b. 
c. 
d. 



200 
60O. 

Ado. 

^50. 



6. What is the applied voltage in the circuit below? 



a. 6 V 

b . 8 V 

c. 10 V 

d. V 



® 



6v 



8v 



7. Find the impedance. 




ERIC 
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PROGRESS CHECK 
LESSON lit 

Rectangular and Polar Notation 

Which of the below is proper rectangular notation for the voltaqe 
drops in a series RL circui'.? 



a. 




b. 




c. 


R - jX^ 


d. 





2. When a vector is muttiplied by j » the vector is rotated 
a. clockwise 90^. 



b. clockwise 180 . 

c- counterclockwise 90^^ 

d. counterclockwise 180 . 



3. The J_ operator used to describe the rotation of the vector 
illustrated below is: 



a. +j 

b. -j 



c. 
d. 



.2 



Describe the vector 2^ in polar form. 
a. 3 + j2.1 



b. 3.7 /IT 

c. 3.0/55° 

d. 2.1 + j3 
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^^'^^^ Twelve-m 

Divide 60 /30^' by 12 /k^ and express your answer in polar form, 

d. 5 /75" 

b. 72 /75° 

c, 72 /-is" 

d. 5 /-15° 



Multiply 2i» /12° by 12 /28" and express your answer In polar form. 

a. 288/40° 

b. 2 /I6° 

c. 36 /kO° 

d. 288 /16° 



If = 12 + jl8 and Z, 
rectangular form? ' 



13 - j2, what Is the Z^ of the two in 



a. 30 /33 



o 



b. 
c. 
d. 



25 + jl6 
1 * j20 
30 /57° 



The total voltage In the belov/ circuit is: 

30V 









a. 


20 


- j30 


b. 


30 


+ j20 


c. 


30 


- j20 


d. 


30 


+ j90 
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9- Find l_ and PF. 



0^. 



/ = 



PF - 



30 



^ 10 



Xl 20 




ERIC 
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PROGRESS CHECK 
LESSON tV 

V.^rtational Analysts of Series RL Circuits 

If the frequency applied to an inductor is doubled, the current 
through the inductor wiU: 

^* lead the voltage. 

be in phase with the voltage. 

be reduced by one-half. 

d. be doubled. 



If the resistance is increased in a series RL circuit, the cir- 
cuit phase angle wMl: 

^ a. increase. 

^ b. decrease. 

^ c. remain the same. 

\ 

d. equal ^ 



If the applied frequency is not changed but the inductance in 
a t-erie^. RL circuit is increased, the current will: 

a. remain the same- 

b. increase. 

c. decrease. 



If the frequency applied to a series RL circuit is increased, 
the circuit phase angle v;ill: 

^ . increase. 

b. decrease. 

c. remain the same, 

E 

d. equal 7^—-' 

^ COS / 
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Twelve- IV 
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5* If the frequency applied to a series RL circuit is reduced, the 
voltage across the resistor will: 

a. increase* 

b. decrease. 

c. remain the same. 

d. equal x COS 



6. For a given applied frequency, if the irductance of a series RL 
circuit is increased, the circuit phase angle will: 

a. increase. 

b. decrease. 

c. remain the same. 

E 

d. equal ^ 

L 



7. If the resistance is increased ir a series RL circuit, the 
voltage across the coll will: 

^ a. increase. 

b- decrease. 

c. remain the same. 



d. equal E x COS /j. 

8. For a given applied frequency, if the inductance of a series 
RL circuit is decreased, the circuit current will: 

a- increase. 

b- decrease. 

c. remain the same- 

E 

d. equal 

^L 



9- If the resistance is decreased In a series RL circuit, the circuit 
phase angle will: 

a. increase. 

b. decrease. 

c. remain the san^- 



A 1 L- 

d. equal ^ 
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10. In an inductive circuit, if the frequency is decreasetl, the cur- 
rent wit] be: 

a. increased* 

b. decreased. 

c. unaffected. 

d. squared. 



11. If the frequency applied to a series RL circuit is decreased, 
the circuit phase angle will: 

a. increase. 

b. decrease. 

c. remain the same. 

E 

equal 



12. If the frequency applied to a series RL circuit is decreased, 
the apparent power v^ill: 

a. increase. 

b. decrease* 

^ c. remain the same. 

d. equal 

a 



13- Solve for: VMw 



a. 


't - 






b. 


R 


c. 


^- 






d. 


/'-< 


e. 


E 




a - 


f. 


P 




a - 


g- 


P 




X - 




PF 


t . 






-AAAr- 



'X)f60Hi 3x^4 
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PROGRESS CHFCK 
LFSSON V 



Frequency Discrimination in RL Circuits 

In ^n RL circuit, cutoff frequency is the point where the 
true power has decreased to half the maxiinum po\ver and: 



J. 


= R. 


b. 


X = X 


c. 


P = P 
t a 


d. 


COS /■■ 



In the series RL circuit bel<^, if the frequency applied is the 

f of the circuit, what is the value of X,? 
CO L 



a. 
b. 
c. 
d. 



too ohms 
!59 ohms 

1 Kohm . 

2 Kohms 



s . 



tooo 



iioov 

1KC 




159mh 



3- Matcfi the output connections with the circuit function 



a. 
b. 
c. 
U. 



High frequency discriminator 

High pass filter to 

Lov/ pass filter to 

Loiv frequency discriminator 



OA 



to 



to 




-OC 



When low frequencies are to be attenuated, the output of a 
series RL filter circuit should be tal^en from across the: 



a. 

b. 
c. 
d. 



res i stor . 

resistor and the coil 
coi 1 . 

generator . 



ERIC 
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Twel ve-V 



In the series RL circuit belw, if the frequency applied is 
^^'^ ^co circuit, what is the circuit phase angle? 



CO 
0. 

b. 
c. 
d. 



120" 
70.7' 

90° 




1000 



.1S9h 



What Is the cutoff frequency (f ) of the circuit below? 



a. 
b. 
c. 
d. 



31.8 Hz. 

Hz. 
500 Hz. 
50 Hz. 



IOOA 




tOOv 



.3l8h 



ERIC 
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PROGRESS CHECK 
LESSON Vf 



Twelve- VI 



Series RC Circuits 

1. If the value of capacitance Is decreased in a series RC circuit, 
the voltage across the capacitor will: 

increase, 
decrease, 
remain the same, 
equal x COS hj. 



2. When a series RC circuit is used as a high-pass filter, the 
output is taken frcm across the: 

a. resistor. 

b. capacitor. 

c. resistor and capacitor. 

d. generator. 



3. If the value of resistance is increased in a series RC circuit, 
the voltage across the resistor will: 

a. increase. 

b. decrease. 

c. remain the same. 

d. equal £ x SIN Z^. 

In the illustration below, the current: j 

a. leads the voltage by 9g^. 

b. lags the voltage by 45 ^ 

c. leads the voltage by 4g . 

d. lags the voltage by 90 . 



5. If a series RC circuit is used as a filter and the output is 
taken from the resistor, the circuit Is a filter. 

high frequency discriminating 
band el iminat ing 
low pass 
high pass 
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Twelve- VI 



In a capacitive circuit, if the frec<uency is increased, the 
current will be: 

a- increased. 

b, decreased. 

t. unaffected. 

d. reduced slightly. 



7. If high frequencies are to be attentuated in an RC filter circuit 
the output would be taken fror. across the: * 

a. resistor. 

____ b. capacitor. 

c. resistor and capacitor. 

d. generator. 



8. If the applied frequency is unchanged, but the value of capacitance 
IS increased In a series RC circuit, the current will: 



a. remain the sane. 

b. increase, 
c- decrease. 

E 



9. If low frequencies are to be attenuated In an RC filter 
circuit, the output would be taken from across the: 

a. generator. 

b, resistor. 

c. capaci tor. 

^ d. resistor and capacitor. 



!f the frequency applied to an RC circuit is decreased, the 
voltage drop across the capacitor will: 

a. equal E multiplied by COS /O. 

b. renwin the sarrc. 

c. decrease* 

d. increase. 
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Twelve VI 



11. If the filter circuit below" Is to be used as a low-pass 
filter, the output will be taken from across points: 



a. A and B. 

b. B and 

c. C and A. 



I jp-^ ^ 

12. If the value of resistance is increased in a series RC circuit, 
the voltage across the capacitor will: 

a. equal x COS A_. 

b* increase - 

c. decrease, 

d. remain the same. 




13, When a series RC circuit is used as a low-pass filter the 
output is taken from across the: 

a. resistor. 

b* capacitor* 

c. resistor and capacitor. 
d. generator. 



1^- fn a series RC circuit, if the frequency of the applied voltage 
is decreased, the circuit current will: 
E 

a. equal 



R 

b- increase, 
c. decrease. 

E 

d- equal -r^' 
^C 
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Progress Check THjelve-VI 
15. ^'ind the impedance in the diagram shown. A ^ 



a. 50 /37° ohms. 

b. 50 /-37° ohms. 

c. 50 /S3° ohms. 
50 /-SS"^ ohms. 



ft 40 



16. In a series RC^circuit, the apparent power is 265 va, the phase 
dngle is -67.6 and the frequency of the applied Itage is 60 Hz, 

Solve for: 



b. P 



c. PF = 



ERIC 
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PROGRESS CHECK ANSV^RS 



MODULE TWELVE 



LESSON t 



LESSON Ml (Cont'd) 



1 . 


c. d 




9. 




1 2a 


2. 


b 






/" 


» 26.6° 


3. 








PF 


■« .89 


a 








1». 


c 


















LESSON IV 




d 










6. 


d 




1 


c 










2. 


b 




7. 


b 










8. 


d 






c 












a 




9. 


a 










10. 






^ * 






d 
















6. 


a 






LESSON 


n 




D 




1 . 






8. 


a 




c 
















9 


a 




2. 


b 














10. 


a 




3. 


b 














1 1 

1 I * 


b 




U. 


c 














12 . 

f M i 


a 




5. 


d 








6. 


c 




n 


a. 


2ita 


7. 








b. 


3ii 


b 














c. 


5i. 




LESSON 


III 
1 1 1 




d. 


53. 1'^' 


1 . 








e. 


120v 


d 
















f. 


2880 va 


2. 


c 


















9. 


2304 var 


3. 


a 


















h. 


.60 


i«. 


b 








5. 


d 






1 . 


96v 


6. 


a 










7. 


b 










8. 


b 
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PROGRESS CHECK ANSWERS 



MODULE TWELVE 





LESSON 


V 




LESSON Vi (Cont'd) 


!. 


a 






13. 


b 




2. 


c 








c 




3. 


a. 


B. 


C 


15. 


b 






b. 


A, 


B 


16. 


a. 


10! w 




c. 


B. 


C 




b. 


2^5 var 




d. 


A, 


B 




c. 


.36 




c 












5. 


c 












6. 


d 













LESSON VI 

1. a 

2. a 

3- a 

t*. a 

5. d 

6. a 

7. b 
B. b 

9. b 

10. d 

11. b 

12. c 



IF YOUR ANSWERS ARE ALL CORRECT, GO TO THE NEXT LESSON. IF NOT. STUDY 
ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING THE 
PROGRESS CHECK AGAIN. 
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Th i rteen- 1 



ERIC 



PROGRESS CHECK 
LESSON I 

Solving Series RLC Circuits 

At high frequencies, hoi low tubing is used for 
conductors because of the; 

a. effective resistance. 

b. proximity effect. 

c. skin effect. 

d. circumference effect. 



2. What is the impedance in the circuit below? 



a. 72 /-33° ohms. 



b. 72 /-57^ ohms. 



39 




c. no ASZlohms. (^)W4V j40: 

d. 110 /-33^ ohms. ' ^ f- 



3. If the frequency applied to a coll decreases, what will be the 
effect upon the Q of the coil? 

a. ^ wi 1 1 halve. 

b. QwiH increase. 

c. Q will decrease. 

d. Qwlll remain the same. 



^. In a series RLC circuit, the current will be; 

a. greatest through R^. 

b. greatest through L. 

^ c. greatest through £. 

d. equal in R^, L^, and C. 



2hl 



Prisqti'ss Check 



The circuit Q iwy be fiiaintainud at a hiqh level by keeping 
^ ^ to 0 minimum. 

J- resistance 

reactance 

c. capacitance 

d. inductance 



6. When hollcnv tubinq ts U'*ed as a conductor, it is to take 
advantage of the effect. 



a. proximi ty 

b. skin 

c. Edison 

d. copper 



7. The change in current distribution in a conductor due to the 
action of an alternatinq current in a nearby conductor is 
ca! led the: 

a. hoi low et '^•ct . 

b. tube effect- 

c. proximity effect. 

d. skin effect. 



8. The tendency of AC conductors to carry the current on the 
surface rather than throughout the cross^sect lonal area is 
known as the: 

a. hollow effect- 

b. tube effect. 

c. proximity effect. 

d. skin ef feet . 



9. The resistance of coils due to proximity effect may be reduced by 

a, decreasinq the separation between conductors. 

^ b. usinq larqer conductors. 

c. increasing the separation between conductors. 

d. addinq nxjre turns to the coil. 



2U2 



Progress Check 

10. What is the Q. of the circuit below? 



a. kO 

b. kOQ 

c. 0.05 



d. 0.005 vV 




7 K 



50. 



Th i '■teen-f 



2K 



11. Find the impedance represented below. 



a. 50 /37 ohns. 

b. 50 /-37° ohms. 

c. 50/531 ohms. 

d. 50 /-53° ohms. 



30: 



R40 



12. When a vector is multiplied by +j , the vector v;ill be 
rotated: 



a. clockwise 90 . 

b. clockwise 180°. 

c. counterclockwise 90°, 

d. counterclockwise 180 



I3« The figure of merit of a coil may be expressed as: 

a. Ten or greater 
P 

X 

c. Proximity effect 

d. Ratio of power stored to power dissipated in the coil. 



ERIC 
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Progress Check 



Thirteen- I 



]k. The effective resistance of any circuit is the combination 
of: 



a. DC resistance and the resistance caused by 
alternating currents 

b. DC resistance and the circuit resistance. 

c. a\\ the voltage drops divided by circuit current. 

d. all the directly measurable resistances. 



15* In the circuit shown, solve for: 



a. E « 

a 

b. - 



c. 
d. 
e. 
f . 

9- 



p - 
a 

p = 

X 

PF - 



I Z5AMPS 

-<*)— 



R ton 
-AA/V — 



® 
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PROGRESS CHECK 
LESSON il 

Series AC Circuits at Resonance 

1. At resonance in a series RLC circuit: 



a. inductance equals capacitance. 

b. impedance is minimum. 

c. current is minimum. 

d. power factor Is 0.707* 



2. In a series RLC circuit at resonance the: 
^ a. Xj^ and are equal - 

b- of the circuit is equal to circuit R. 

c- circuit current is maximum. 
d. phase angle between E and I is zero- 



3- The total voltage In the circuit below is 



a. 


31 


/65° 


b. 


32 




c. 


66 


/65° 


d. 


66 


/25° 



J vv\ 1 



100V 



40V 



vol ts, 



A. What is the resonant frequency In the circuit below? 

.159 uf 



a. 1 Hz. 

b. 10 Hz. 

c. 100 Hz. 

d. 1000 Hz 



I vv^^ 1 



'.159h 
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Progress Check 



Thi rteen-l 1 



5* OeternMne the resonant freouency of a series RLC circuit 
consisting of a ^ ..h coll a l;.f capacitor and a 10 ohm 
resistor. 

a . 79 . 5 kHz . 

b. 89,8 Hz. 

c, 628.0 Hz. 

d. 12.56 Hz. 



6. If the frequency applied to a series RLC circuit is decreased 
to a frequency below resonance, the current will: 

a. i ncrease. 

b. decrease. 

c. lag the voltage. 

d. be unchanged. 

7. ff the various voltage drops In a series RLC circuit are added 
vectorially, the resultant will be equal to the: 

a. Impedance. 

b. reactive voltage. 

c. applied voltage. 

d. true power. 
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ThI rteen-l 1 1 



PROGRESS CHECK 
LESSON 1 1 t 

Resonance in Series RC Circuits 

What two points indicate a resonant circuit on the graph? 



a. A and B 

b. C and D 

c. A and C 

d. B and D 




Comparing the vector diagram to the circuit drawing, you can 
assume the circuit is operating: 



a. at the upper f 

b. at resonance 

c. at the lower f 



CO 



CO 



X|.300: 



RIK 



Xc »X> 



200 



When the frequency of voltage applied to a coll decreases the 
Q of Che coil will: 



a. halve. 

b. not change. 

c. increase. 

d. decrease. 



ERIC 



217 



Progress Check Thirteen-! 1 1 

^. At resonance in a series RLC circuit, current is: 



a. fTJximum. 

b. limited by reactance. 

c . minimum. 

d. out of phase with applied voltage. 



5* if a series RLC circuit is operating belcxv resonance, the im- 
pedance will appear to be: 

a . capac i t i ve . 

b- resistive* 

c. decreased. 

d. inductive. 



6. If a series RLC circuit is operating above resonance, the in^edance 
will appear to be : 

a . capac i t i ve . 

b. resistive. 

c. decreased- 

d. inductive. 



7. When a series RLC circuit is operating at its resonant frequency, 
the impedance is equal to: 

a. R - jX 

X 

b. ^L 

SIN 

c. E X COS 

a — 

d. R. 



8. When a series RLC circuit is operating at resonance, the line 
current is: 

a. lagging E^- 

b- leading E . 

c. in phase with E^. 

d. minimum^ 
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Progress Check 



Thirteen- 1 1 1 



9. When the frequency of voltage applied to a coil Increases, the 
Q of the coi 1 will: 



a. not change. 

b. increase. 

c. decrease. 

d. double. 



10. If the frequency applied to a series RLC circuit were decreased 
to a frequency below resonance, »-he current would: 



a. increase. 

b. decrease. 

c. lag the voltage. 

d. be unchanged. 



11. An impedance vector diagram uses what two quantities to solve 
for Z7 



a. 
b. 

c. 
d. 



Reactance and inductance. 
Capacitance and reactance. 
Inductance and capacitance. 
Resistance and reactance. 



12. What is the bandwidth of a series circuit if the resonant 
frequency is 50 Hz and the circuit Q is 50? 



a. 
b. 
c. 
d. 



0.10 Hz. 
100 Hz. 
1 Hz. 
10 Hz. 



13. What is the ^ of the circuit below? 

\^ 



a. 
b. 
c. 
d. 



40 

koo 

0.05 
0.005 




IKP. 



SO..' 
-VW-- 



2K: 
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Procjftf^iS Check 



Thirteen-1 1 1 



1A. If the Q of the coil tn a series resonant circuit is IcHvered, 
the bandwidth wi ! 1 : 



a. inc^'ease. 

b. not be affected. 

c . decrease. 

d. equal tt— 



15. Wtien a series RLC circuit is operated at resonance, the 

Inductive reactance will equal the of the circuit- 

a. cut-off frequency 

resistance 

c- impedance 

d. capacittve reactance 



16. In a series RLC circuit, the current will be: 

a. greatest through R^. 

b. greatest through L^. 

c. greatest through £. 

d. equal in R, L, and C. 



17, If the half-power points of a series resonant circuit are 
550 Hz and 570 Hz, what Is the resonant frequency? 

a. 555 Hz 

b. 560 Hz 

c. 565 Hz 

d. 20 Hz 
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PROGRESS CHECK ANSWERS 



LESSON t 

1. c 

2. b 

3. d 
k. d 

5. a 

6. b 

7- c 

8. d 

9. c 

10. a 

11. b 

12. c 
!3. d 
ik. a 

15. a. 150 V 

b. 60*^ 

c. 20.: 

d. 1125 va 

e. 562.5 w 

f. 97^.25 var 
g- .50 

LESSON II 

1. b 

2. a, b, c, d 

3. c 
k. d 



MODULE THIRTEEN 

LESSON H (Cont'd) 

5. a 

6. b 

7. c 

LESSON III 

1. b 

2. b 

3. b 
k. a 

5. a 

6. d 

7. d 

8. c 

9. a 

10. b 

11. d 

12. c 

13. a 

14. a 

15. d 

16. d 

17. b 



IF YOUR ANSWERS ARE ALL CORRECT. YOU MAY TAKE THE MODULE TEST FOR 
THIS MODULE. IF NOT, STUDY ANY OF THE OTHER RESOURCES AVAILABLE 
FOR THIS LESSON BEFORE TAKING THE PROGRESS CHECK AGAIN. 
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PROGRESS CHECK 
LESSON I 



Sulvtng for Quantities in Parallel RL Circuits 
1. What is the equivalent impedance of the parallel network? 



a. 15.9 ohms 

b. 7.1 ohms . 

c . 5.5 ohmb . 

d . 8.9 ohms . 




.10 10 



2. If the resistance Is Increased in an RL parallel circuity the 
total current wi 1 1 : 



a. be reduced to zero. 

b. increase, 

c. decrease. 

d. remain the same. 



3. If the Inductance in a parallel RL circuit is increased, the 

will decrease . 



a. power factor. 

b. induct ive reactance. 

c. resistive voltage drop. 

d. circuit phase angle. 



Which current vector diagram is correct for the below circuit? 



b. 



I ^ 



All 




ERIC 



257 



Progress Check 



Fourteen- I 



5. What is the phase relationship between voltage and current in 
a paratlel RL circuit? 



a. L lags by 90 . 

L a 

b. i- Iead& E by 90^. 

K a 

c. 1, teads E by 90^. 

L a ' 

d. tj^, Ij^, and £^ are in phase. 



6. 



Which of the following diagrams ittustrates the phase relation- 
ship in a two-branch parallel RL circuit? 



a. 



b. 



7. tn a para 



d. 



1e) RL circuit, the applied voltage has what piiase 



relationship with the branch currents? 

a. E is in phase with I. but not 1^. 

s out of phase with and I . 

c. t is in phase with i. and f^. 
a L K 

d. E is in phase with U but not i. . 
a K u 



B. An equivalent impedance for a parallel RL circuit is valid only 
at a given operating frequency because the: 

a. reactive component varies with the frequency. 

b. true power of the circuit is inversely proportional to 

the frequency of the circuit. 

c. resistive voltage drop varies directly vnth the frequency. 

d. applied voltage increases as the frequency is decreased. 
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Progress Check 



Fourteen-! 



What is thi? equivalent impedance of the parallel section of 
the below c 1 rcul t? 



a. k.S ohms 

b- 9.5 ohms 

c. 2.5 ohms 

d- 7-5 ohms 



— 



f — 



i) 



10. If the resistance is decreased in an RL parallel circuit, the 
total current will: 



a. increase. 

b. decrease. 

c. remain the sanw. 

d. drop to zero. 



. When total impedance is computed, coil resistance is usually 
taken into consideration only if the ^ of the coil is: 

a. more than 50. 

b. 20. 

c. 15. 

d. less than 10. 



. The addition of a resistor in series with the inductive branch 
in a parallel RL circuit will cause: 

a. phase angle to increase. 

b. phase angle to decrease. 

c. true power to remein the same. 
d. true p<^er to decrease. 
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Pru^jress Check Fourteen- If 

PROGRESS CHECK 
LESSON n 

Variational Analysts in RL Parallel Ctrcutts 

1. What circuit quantity will be doubled if the frequency of the 
voltage applied to a parallel RL circuit is doubled? 

a. inductance. 

b. inductive reactance. 

c. inductive branch voltage drop, 
d- inductive branch current. 



Decreasing the frequency applied to a parallel RL circuit 
causes to decrease - 




3. Increasing frequency in a parallel RL circuit will cause \^ 
to: 

. a. remain the same- 

b. decrease. 

c- increase- 

d. vary with sine of angle theta. 

Decreasing the frequency applied to a parallel RL circuit 
causes to increase* 
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Proyrt-ss Check 



Fourteefi- f I 



b. hicrfci^in<i the troquency of applied voU^iqc will cause the 
current ihroufjh LI lu: 



t . Jecre*3se. 

c. rtM'>ain tht? sj^Jt-. 

d- equal I x COS / . 



S 



6. The addition of ^ rcsUtor in series with the Induct ivt^ branch 
in a parallel RL circuit will cause to decrease. 

a. phcise anqltf 

power factor 

c . 1 rui^ pov.-er 

d, resi'^tive branch current 



7. Increasing! the frequency applied te a parallel RL circuit 
causes to incrfc3se. 



a. 
b. 
c . 
d. 



pha e pinqle 
pedance 

'I 



Increasing the frequency applied to a parallel P.L circuit 
Cdu'^es to decrease. 



a. 

b. 
c . 

J. 



I. 



ERIC 
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Fourteen- 1 1 1 



PROGRESS CHECK 
LESSON III 

Parallel RC and RLC Circuits 

1- What circuit quantity will be halved If the frequency applied 
to a parallel RC circuit is doubled? 

a« capacitance 

b. capacitive branch voltage drop 

c. capacitive reactance 

d. capacitive branch current 



in a parallel RC circuit, the phase relationship of the branch 
currents and applied voltage Is correctly represented by 
which vector diagram? 



IR 





Proqress Check 

^. The totiil impedance of this circuit is 



Fourteen- 1 1 1 



ohms . 



a. ^0 

b. \k2 

c. !12 




100 




too 



Decreasing the resistance in a parallel RC circuit causes 
to decrease. 



a. true p<Xtfer 

b. capacitive current 

c. phase angle 

d. total current 



6. If the frequency applied to a parallel RC circuit is increased 
the total current will: ' 



a. remain the same. 

b. increase. 

c. decrease. 

d. equal E x COS / •. 



7. Determine total impedance of the circuit below. 



a. 175 ohms 

b. 60 ohms 

c. 100 ohms 

d. 125 ohms 



© T 



7S 



RtOO^ 



8. Decreasing the frequency applied to the circuit below will 
cause to decrease. 



a. total current 

b. impedance 

c. power factor 

d. capacitive reactance 
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PrutiresN Check 



Fourteen- 1 1 1 



9. It J tfirco-branch parallel RLC circuit Is operated at a very 
trcHjut-ncy, it will appear to the source. 



a . capac i 1 1 ve 

b. shurted 

c , induct ive 

d . res i st ive 



10, In a three-branch parallel RLC circuit, if the inductive 

currents and capacltive currents are equal ♦ the circuit vj\\] 
appear to be purely: 



a. induct ive- 

b. capacitive- 

c. resist ive. 

d . react i ve - 



lOo 



11- In a parallel RLC circuit, if the circuit phase angle is nega- 
tive, the circuit appears to the source. 



a. capacitive 

b. inductive 

c. resistive 
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PROGRESS CHECK 
LESSON iV 



Paral lei Resonance 
I- At resonance, the Impedance of an ideal parallel LC circuit 



is: 



a. maximum, 

b- capac i t i ve. 

c. Induct ive. 

d. minimum. 



2. Increasing from resonance the frequency applied to a parallel 
LC circuit causes the current drawn from the source to: 



a- appear induct ive. 

b. decrease. 

c. increase. 

d. lag the vol tage. 



3. If an ideal parallel LC circuit is at resonance and X is 2000 
ohms, what is the value of X^? ^ 

a. 1000 ohms 

b. kOOQ ohms 

c- 2000 ohms 

d. 20 Kohms 



Determine the resonant frequency of the circuit below 

r 



a. 
b. 
c . 
d. 



1 KHz 
10 KHz 
100 KHz 
1000 KHz 



© 



.159 uf 



1S9mh 



5% One indication that a two-branch LC circuit is at its resonant 
frequency is maximum; 



a. ] ine current . 

b. resistor current. 

c. phase angle. 

d. impedance. 
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Progress Check 



Faurteen-^l V 



7. 



Decreasing the frequency applied to a parallel LC circuit 
from resonance causes current drawn from the source to: 

a. lead the voltage. 

b. decrease- 

_ c. increase. 
^ d- appear capacitive- 



If a three-branch parallel RLC circuit Is operated above Its 
resonant frequency, it will appear to the source* 

_ a. induct ive 

b. resistive 

c. open 

d - capac 1 1 i ve 



To determine the resonant frequency of the circuit below, the 
values of rmist be known. 



a. and 

b- and 

c- £ and 

d. applied frequency and 2 
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Progress Check 



Fourteen- IV 



After the source of power is renwved, the current will continue 
to circulate back and forth between the inductor and capacitor 

at a diminishing rate. This action is knc^n as _ 

act ion . 



a. LC 

b. flywheel 

c. circulating 

d. damped wave 



to. A damped wave is caused by the 
practical circuit. 




present in any 



a. resistance 

b. capac t tance 

c. inductance 

d. current 



EKLC 
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PROGRESS CHECK 
LESSON V 

Et feet iyc Resistonce in RL Circuits 

1. M the Q of the coil is greater than 10, the effect of R2 on 
the inpedance u1 the circuit Is: 



0. neql igibie, 

b. to increase impedance* 

c- to decrease Impedance, 

d. to double impedance* 




2. One of the effects of a low^Q coil, compared with a high-Q 
coil, in a parallel RL circuTt is: 

a. higher circuit current. 

b. lovier circuit current. 

c. higher inductive current- 

d. lower resistive current. 



3* Replacing a high-Q coil with a low-Q coi I in a parallel RL 
ci rcui t vii 1 1 cause: 

a. an increase in phase angle. 

b. a decrease in phase angle. 

c- no change in circuit current. 

d. an increase In the voltage drop across the coil. 



A decrease in effective resistance in a parallel RL circuit 
will have what effect on the voltage dro^ across the inductor? 

^^^^^ a- no change in £^ 

b- decrease in Ej^ 

c- increase in E^^ 

d- E, will decrease by 1/2 
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Progress Check 



Fourteen-V 



5. Incrc^siny R^^^. of the coil in a parallel RL circuit will have 
what effect on true power? 

a. no effect 

b, an increase in 

c* a decrease in P 



. !f the R^^^ of the coil in a parallel RL circuit is increased, 
the power factor of the circuit will: 

a. remain the same. 

b- increase, 
c. decrease. 




If you don't know what it does don't fool with it! 
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PROGRESS CHECK ANSWERS 



MODULE FOURTEEN 



LESSON I 

1. b 

2. c 

3. d 
b 

5. a 

6. a 

7. d 

8. a 

9. a 

10. a 

11. d 

12. b 

LESSON n 

1. b 

2. c 

3. a 
it. a 

5. b 

6. a 

7. b 

8. a 

LESSON HI 

1. c 

2. a 
3. 

A. d 



LESSON m (Cont'd) 

5. c 

6. b 

7. b 

8. a 

9. c 

10. c 

11. b 

LESSON IV 

1 . a 

2. c 

3. c 
it. a 

5. d 

6. c 
7- d 

8. b 

9. b 

10. a 

LESSON V 

1. a 

2. a 

3. b 
it. a 

5. b 

6. b 



IF YOUR ANSWERS ARE NOT ALL CORRECT, STUDY ANY OF THE OTHER RESOURCES 
AVAILABLE FOR THIS LESSON UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. 
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Suflvnary 




SUHHARY OF MODULES 

Vol tage 

Voltage is a force which does work upon elect leal charges to 
maintain a difference of potential between terminals of a 
voltage source. Voltage sources convert otf.c forms of energy 
Uhemlcal. mechanical, etc.) to electrical pottntlal energy. 

Symbol: "E" (for Electromotive Force, or Energy) 

Basic unit of measure : Volt (abbreviated "V.") 

Measuring device: Voltmeter Schematic symbol: 

Connected In parallel , voltmeters "work" only In ene^zed 
circuits. ^ 

Voltage "rise": The difference of potential measured between the 
terminals of a voltage source. 

''^^!^" °' ^ difference of potential measured at 
an electrical "load", (or across parts of the 
)• Voltage "drops" can be measured only when the re Is 
current flow through the load . — 

Pu££ose: Voltage (E) causes current flow in electrical/electronic 
circuits when a complete "path" (for the current) is connected to 
the terminals of a voltage source. 

Current 

Current is the directed "drift" or "flow" of free electrons which 
Is caused when a complete "path" Is connected to the terminals of 
a voltage source. 




Symbol : "I" 

Basic un it of measure : ampere (abbreviated "a") 

Measuring device; Ammeter Schemat I c symbol : 

Connected In series, ammeters "work" only In energized circuits. 

Two^^types of current: "DC" and "AC". DC. direct-current is "one- 
way current flow: the direction of electron current flow within 
the current "path" or circuit, Is away from the (-) terminal of the 
voltage source, through the complete "path" (circuit) and on towards 
the {+) terminal of the source. DC voltage sources are batteries 
generators with a commutator and electronic "power" supplies Ac' 
alternating current Is "two-way" current flow: The direction of ' 
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Progress Check Summary 

electron flow within the current "path" Is the same as for DC, but 
the direction of flow alternates, or reverses, with periodic reversals 
of polarity of the voltage source. AC voltage sources are generators 
with slip-rings, electronic "power" supplies and electronic "signal* 
generators. 



Schematic symbol 



Schematic symbol : 




Battery 



(AC source) 



Purpose ; 

Current (0 is the directed drift or flow of free electrons on their 
way to do useful work within an electrical "load". Current flow is 
the "mechanism through which electrical energy is converted to other 
forms of energy: heat and/or light, mechanical, etc." 



Res 'stance 



Resistance Is opposition to current flow. The amount of resistance, 
or opposition, is determined primarll.y by the atomic structure of 
materials used as the "path" for current flow. Materials with few 
free electrons have great opposition ... high resistance. These 
materials are called Insulators . Materials with many free electrons 
have little opposition ... low resistance. These materials are 
called conductors . Resistors (and "semi-conductors") have values of 
opposltTon to current which fall between Insulators and conductors. 

Symbol : "R" 

Basic unit of measure : Ohm 
Symbol ; Q |^ 

juImA> 



Schematic symbols for resistors : Fixed •^MVvT Tapped 

«, toft IKfl 

-Mt/^ Variable 
O-IOKII 

Measuring device ; Ohnmeter (Ohmmeters "work" only In deenergized 
ci rcui ts. ) 

"Open" : an incomplete path ... permits no (0) current flow. The 
value of (R), In ohms, is infinite (-) or maximum . 
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Progress Check Sunviary 

l^Short^: permits maximum current flow ... the current "path" has 
no (0) opposition ... no resistance . The value of (R) , In ohms. 
IS essentially zero (OjT 

Pui^iose: Resistance (R) is used to "control" the amount of current 
flow by affecting the number of free electrons available within the 
current "path" or circuit, which could become directed. "R" repre- 
sents an electrical "load", or "loads"; devices in which electrical 
energy Is converted to other forms of energy (heat and/or light, 
mechanical, etc.) when current flows through them . 
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Swranary 



RELATIONSHIP BETWEEN (£) . (0, AND (R) . 
Ohm's Law : 

"The (value of) total circuit current Is directly proportional to 
the (value of) appl led voltage and Indirectly proportional to the 
(ohmic value of) total ci rcult resistance." 

Expression : 

, , s E (Volts ) ^ = 

, (amperes) - r-^^ or, a. - ^ 

Relationship : 

The value of circuit current depends upon the value of applied 
voltage and the value of resistance. When {£) does not change, 
and the ohmlc value of (R) INCREASES, the value of (l) must 
DECREASE. The end result is a smaller fraction , and vice-versa. 
When the value of (E) Is INCREASED, and the ohmlc value of (R) is 
NOT CHANGED, the value of (I) imjst INCREASE. The end result Is a 
larger fraction , and vice-versa. 

When rearranged, the expression can be used as a tool to determine 
the direction of change (in value) of voltage drops. 

Expression : 

^(voltage "drop") ° '(amperes) (ohms) 
Relationship : 

When (1) INCREASES, and the ohmlc value of (R) does NOT CHANGE, 
the voltage "drop" (E) must INCREASE, and vice-versa. When the 
ohmlc value of (R) CHANGES [such a change will always affect the 
value of (1)3 the direction of change of the voltage drop (E) , 
will always follow the satre direction as the change in (R) . 

CHARACTERISTICS OF ANY SERIES CIRCUIT . 

Current ; 

The value of current In any series circuit Is the same in every 
part and component ("loads") of the circuit because THERE IS ONLY 
ONE PATH FOR CURRENT FLOW. Total circuit current (1^) is equal 
to the current flw through each load in the circuit (i^^t '|^2' 

etc) . 
Express ion : 

't " 'r1 " 'r2 •••• ° 'Rn* ^" figure I) 
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Sunvnary 

Vol tage ; 

The value of the voltage drop across each load resistance In a 
series circuit .s equal to the value of current through the load 
^ Rl' 'r2' ^'"^^ ^^"''c value of the load (R^, R^, etc.). 

Express Ion : 

^R(drop) ° 't ^ '^l '^2' ^^^'^ 

The total voltage drop (E ) Is' equal to the sum of the Individual 
voltage across {E^^j, E^2,etc.). 

Expression ; 

" ^Rl ^R2 ■■• * ^Rn- M3 and In Figure 1.) 

IStal voltage drop (E ) must always be equal to the value of 
the applied voltage (E^). 

Expression ; 

T a 
Resistance : 

The ohmic value of total circuit resistance (R_) Is equal to che 
sum of the individual ohmIc values of resistance (or resistors) 
♦ n the c I rcul t. 

Expression : 

Rt - R, + R^ .. 
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Summary 



soma 



3Kn 



ISOv 



,500v 



SCO V 



M4 



M3 

250¥ 




*»7 
soma 



5Ka 



FIGURE 1 (Sample Series Circuit) 



Voltage drops : 

^Rl ^^'^ ° 't 6 or 7) X 

° .OSa X 3000^2 

- I5OV, (Ml) 

B .05a X 2000n 

- 100V (M2) 

» .05a X sooon 
= 25OV (M3) 

^RT ^^^^ " ^ '*T 

= .05a X lo.ooon 
= 500V {f^h) 



o 
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Proytess Check 
Current J 



Summary 



" *RI " 'r2 " 'r3 " °-°5a (50ma) M5 - m6 - M7 
Vol tage ; 

E,^, (150V) ■^ ^'^^V) + (250V) - (50OV) - (500V) 
also (1^ X R,) + (1^ X R^) + X R^) - (|^ x R^) 

(.05a X 3Kii) + (.05a X 2Kil) + (.OSa X 5Kfi) - (.05a X lOKri) 
Res t stance : 

R, imi) + Rg (2Kri) + R^iSKQ) - R^ (lOKi^) 



HOW TO USE THE EXPRESSIONS FOR SERIES CIRCUIT CHARACTERISTICS, WITH 
OHM'S LAW, TO ANALYZE ANY SERIES CIRCUIT WHEN THE OHMIC VALUE OF A 
RESISTOR CHANGES, OR IS CHANGED. 



Circuit to be 
analyzed: 



M3 



3012 R, 



o-5on 

ot 20SI' 




Resistance Characteristic ; 

R-j- " Rj + Rj « 20n + 30fi » 50^^ 

Ohm's Law : 

I lOV 
't ° r7" 5017= 

Current Characteristic ; 

't " 'rI ' 'r2 " ^'^ amperes (200 ma.) The Indication on M3 
should be 0.2 amperes. 
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Progress Check Summary 
Vol tage drops ; 

Edi ■ 'o! X R, » 0.2a X 20L « ^V. The Indication on Ml should 
be ^V. 

Edo " loo X R, - 0.2a X 30ii • 6V. The Indication on M2 should 
be 6V. 

Voltage Characteristic ; 

^Rl * ^R2 " ^T - ^ 

i»V + 6V - lOV » lOV 
Test Situation : 

The ohmic value of Rj is DECREASED to 5 ohms. 
Resistance Characteristic ; 

R^ R^^ » Rji (20r: + sn ' 25n) 

The direction of change of total circuit resistance: DECREASED. 
Ohm's Law ; 

•t ^ BTT "'^^^ 

The value of I- has Increased ; therefore, the indication on M3 
should increasL (Note that the value of E^ has NOT CHANGED; 
neither has the ohmic value of Ry) 

Current Characteristic ; 

' ^'r1 " ''r2- 
Voltage drops ; 

+E„, = tl, X R,-^ » O.Aa X 20n - 8V. The value of has INCREASED; 
Ri T I «i . 

therefore, the Indication on Ml should INCREASE. 

iE^2 " "^'t ^ " °*^^ ^ ° 2V. The value of E^2 DECREASED; 

therefore, the Indication on M2 should DECREASE. (Note that the 
direction of change of the voltage drop followed the direction of 
change in ohmic value of the resistor.) 
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Progress Check S^n^.y 
Voltage Characteristic : 

8V + 2V - lOV » lOV 

CHARACTERISTICS OF ANY PARALLEL CIRCUIT 
Vol ta^ e; 

The value of the applied voltage (E ), total voltage drop (L_) and 
each branch voltage drop Is the samel Every branch (current 
path for a load) Is (electrically) connected directly to the 
terminals of the voltage source. 

Expression : 

^Rl ■ ^R2 " ^Rn ■ ^ ° ^a page.) 
Current : 

The value of total circuit current (I ) is equal to the sum of the 

individual branch currents. 'There is more than one path for current 

flow . ^ ' 

Expression : 

*T " 'r1 * 'r2 * 'Rn ^5 next page.) 

Res t stance ; 

When more current paths are added, the total circuit current 
increases therefore, the ohmic value of total circuit resistance 
(Rj or Rg^) will always be less than the ohmic value of the 

branch with the smal lest ohmic value. 
Expression : 
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SAMPLE PARALLEL CIRCUIT 



Sunmry 





a)m, (v)m^ 



KHno 
S| 



360v 



360v 




Voltage; 



"Rn 



m6 = M7 " M8 



also. 1^ - 1^, X Rl - ^ ■•' 'rh ^ 



Ohm's Law: 



Rl 



'R2 



R3 



R! 
R2 

!5i 

R3 



360V 



360V 

T2K?7 

360V 



.Ola. (lOma.) 
.03a. (30ma.) 
.02a. (20nia.) 



Current 



lOma 30ma + 20ma « 60ma 



also. ... „2 + M3 = Mi. 

R» Rn Mlj + Ml « M5 



Rn 



Resistance: 



R^ Rj 
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Progress Check Summary 
a! SO, = -I . 3^ ^ 6Kohni5 (6000 ohms) 



HOW TO USE THE EXPRESSIONS FOR PARALLEL CIRCUIT CHARACTERISTICS, WITH 
OHM'S LAW, TO ANALYZE ANY PARALLEL CIRCUIT WHEN A BRANCH IS CONNECTED 
(ADDED) OR DISCONNECTED (REMOVED). 





«2 



a)Mi ©Mft (a)M2 




VOLTAGE CHARACTERISTIC: 

Ea - E^ » Ej^j » Ej^2 " ^2V {t^^ - 0 because S3 Is OPEN). 

Meters MS and m6 should indicate 12V: M? should indicate 0 Volts 
Ohm's Law: 

^Rl 12V 

'r1 ' "TT " T" " 2.0an)ps. Indication on Ml : NO CHANGE 



R2 



•R2 _ 12V 
R2 



J2~ ' l.Oan^s. Indication on M2: NO CHANGE 



Current Characteristic: 

1^ = Ij^j + ^2 " 2.0a + 1.0a » 3.0a. The indication on m4 
should be 3*0 amperes. 



Resistance Characteristic: 

D Rl X R2 Bu X ]2ii 
S " Rl + R2 ° Sr. + i2L 



72 , ^ 
•y^ = ohms 



Test Situation Switch S3 is now closed . (This adds another path 
to the circui t. ) 
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Progress Check 
Voltage Characteristic: 



Sunwnary 



Ea - £^ - Ej^j - Ej^2 » - 12V. The Indication on M5 and M6 
should NOT CHANGE; H? indication INCREASES; should indicate 12V. 

Ohm's Law: 

» ^ « X|l « 2.0a. Indication on Hi: NO CHANGE 
'r2 " "if ° TT7 " CHANGE 

15V/ 

'r3 ° "T3 " " ^*°** 'n^l'cat'on on M3: INCREASE 
Current Characteristic: 

- + Ip2 ♦ Ifjj ' 2.0a + 1,0a + 3-Oa « 6.0a. 

The indication on M3 should INCREASE to 3.0a: the indication on 
^^k shculd INCREASE. 



Resistance Characteristic: 



R^ Rj R2 R3 



_6 

12 



12 



2 ohms 



, . ^a 12V , . 
also, R^ » ^ = -gj « 2 ohms 

Test Situation: 

S3 remains CLOSED; SI Is OPENED. 
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Scm^ry 



Voltage Characteristics: 




indicated by M5» is 0 because SI is open.) 



The Indication on MS should DECREASE (to 0); the indication on M6 
and M7 should NOT CHANGE. 

Ohm's Law: 



'r3 ' "R3 " "Ifl " 'n<*«catlon on M3: NO CHANGE 

Current Characteristic: 

't " *RI 'r2 * 'r3 ° ''^^ "*■ 3.0a. " 4.0a. The Indication 

on should DECREASE (It was 6.0a before SI was opened). 

Resistance Characteristic: 



The value of total circuit resistance (R^) has INCREASED because 
one of the current paths of the circuit was removed (disconnected) 
when Si was opened. 

Note that the ohmic value of R_ (3 ohms) is still less than the 
ohmic value of R3 (4 ohms), the branch with the smal lest ohmic 



^Rl OV 
"rT " ^ 



- Oa. indication on Ml: DECREASE 




l.Oa. indication on M2: NO CHANGE 



Q ^ 2 X R3 12n X kn 48n , ^ 
^ ° R2 + R3 " I2n + ksi 'm' ^''^"^ 



va 1 ue • 
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Summary 



HOW TO USE THE EXPRESSIONS FOR THE CHARACTERISTICS OF SERIES AND PARALLEL 
CIRCUITS, WITH 0^'S LAW, TO ANALYZE COMBINATION CIRCUITS: 

Series-Paral lei Combination: 

® 



M4 



®M6 




and R^ form a parallel circuits 
voltage: - ' 

Current: 1^^ * 'r3 " 'r1 



I. 



'Rl 'T 
M2 + M3 - 

R2 X R3 

Resistance: R- of R^ and R. » a-a 
tq 2 3 R2 + R3 

R, and R. (of R- and R,) form a series circuit. 
1 Eq ' 2 y 

Voltage: Ea » «= Z^^ + of R2 and R3 Ml + M5 

Eq 



m6 



Current: Ij = Ij^^ 



Resistance: R^ » R^ R^^ of R2 and R3 

Test Situation : 

The ohmic value of R^ is INCREASED. 
Resistance Characteristic (Series)* 

Rji « Rj^ + fRg^ of Rg and R^ 
Ohm*s Lav^: 
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Sunvnary 



When the ohmic vaiue of R2 INCREASES, the ohmic value of must 
also INCREASE. This will then cause I- to DECREASE (the value of 
hds NOT CHANGED) and the i ndication on M4 should DECREASE. 

Voltage drops: 



■R1 



^RU ^ ^\ 



Since 1^ has DECREASED (same as i^^ then the 

voltage drop across R. should DECREASE. The Indication on Ml 
should DECREASE, when 'the voltage drop across R. DECREASES then 
the voltage drop across R^ must INCREASE, BECAUSE the value of 
Ea and the total voltage drop (tj) has NOT CHANGED. 

Voltage Characteristic (Series): 



Ea 



Ohm's Law: 



■R2f 



R2 + 



'r2* 



^ - I f 
Rj-^ 'R3 



Current Characteristic: 



When the ohmic value of R- INCREASES, the indication on M2 should 
DECREASE. However, the voltage drop across R. has INCREASED which 
must cause the current through R. to INCREASE-'and the Indication 
on M3 should INCREASE. ^ 



>R1* 



t«R2^'^^'R3> 



Note: The change (increase) in ohmic value !s always greater than 
the change (increase) in voltage drop, which results in a smaller 
fraction . 

Parallel - Series Combination: 



**6 




®W4 
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Progress Check Summary 
R2 and form a series circuit. 
Current: 'j^2 " *R3 " 
Voltage: Ej^^ * ^R3 " 
Resistance: * '^S ° 

Rj and R^^ (of Rj and R^) form a parallel circuit. 
Voltage Characteristic: 

Current Characteristic: 

't " 'rI 'r2 'r3^ Mi» + M5 » M6 
Resistance Characteristic: 

o ^ X ('^2 * ^3) ^ ^1 X '^Eq (Series) 
" R^ + (R^ + Rj) " R^ + R^^ (Series) 

Test Situation : 

The ohmic value of R^ is DECREASED. 
Resistance: 

Since the ohmic value of R^ DECREASES, the ohmic value of R^^ (R^ + R^) 
must also DECREASE. This will cause the ohmic value of R^ to DECREASE. 

When R^ DECREASES, and the value of Ea does NOT CHANGE, the value of 1^ 
should INCREASE. This indication on M6 should INCREASE. 

Ohm's Law: 
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Note: In parallel circuits, whttn the ohmic value in one branch changes, 
it will not affect the value of (I), (E) or (R) in any other branch 
(unless a "short" occurs which "blows" a fuse. Therefore, the indication 
on Mi» should NOT CHANGE. The i ml i cat ion on Ml should NOT CHANGE unless 
the value of Ea changes. 

If the indication on m6 has INCREASED, and the Indication on has 
NOT CHANGED, then the indication on rtS must have INCREASED to account 
for the direction of change in m6. 



't " 'r1 * 'r2^ 'r3^ 
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Current Characteristic: 

^R3^ 

Voltage drops: 

^R2^ " 'r2' ^ ^2"* indication on M2 should INCREASE. 

Er3* " 1^3^ X Rj-^ The indication on M3 should DECREASE. 

Note: Even though the value of \ INCREASED, the ohnic value of R^ 

has DECREASED (the original change); therefore, the indication on M3 
DECREASES. 

Voltage Characteristic: 

Ea-' ■ E f E i 
^R2 ''R3 

The sum of the voltage drops across R^ and R^ {E^^ + E^^) must still 
be equal to the value of Ea. 

INDUCTANCE ; 

The property of electrical circuits that opposes any change in the 
value of circuit current is called "Inductance". Inductors convert 
electrical energy In the form of current flow, to electrical potential 
energy In the form of a magnetic field. 

Symbol : "L" 

Basic unit of measure : henry (abbreviated "h." or "hy.") 
Schematic symbols : 

Fixed, air core Fixed, Iron core Variable 



299 



Progress Check 

Phabu relationship betv/een current and voltage; 



Suntfnary 



Whenever the value of current In a coil increases or decreases (changes) 
J counter-electronxjt i ve force (CEMF) is created by the moving 
(expanding or collapsing) magnetic field. The polarity of the CEMF 
will alviays be buch as to oppose the direction of change in current* 
This action causes the current floi-zmg through the coil to LAG the 
vultaqe applied to the coil (E. ) . As a consequence, inductive circuits 
cause circuit current to lag tne applied voltage as shwn by the 
expression ^*£H". In AC circuits, the voltage (E^) comes before (ahead 
of) current (Y) in inductive (ij circuits. In other words, (I) lags 
(E) 

Waveform diagram : 



Current reference: 

I lags E because E 
always crosses the 
Time-Base ahead of 
I 

Vol tage reference : 




Vectcr diagram: 

uK^ 

Current reference: ^ \ \ i 

Vectors and reference 
both rotate. (I) is 
always displaced from 
b/ a LAG jf SO"" . 

Vol tage referencd^: 



e 9cr 



G 9QP 



\ nduc 1 1 ve reac tance : 

In AC circuits, the value of current is always changing (increasing 
and decreasing) at the san^ rate as the frequency (f) of the applied 
voltage (Ea) . This produces an average value of opposition to 
circuit current (really an average value of CEMF} which has the SAME 
EFFECT upon alternating current AS RESISTANCE has. In other words, 
inductive reactance is opposition offered by inductors (or coils) to 
alternating current . 
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Piogress Check Summary 
Symbol 1 

"X " ("X" represents reactance and "sub-L" reprebents self 
inductance. ) 

Bdiiic unit of measure : 

ohm Symbol : 

Factors which affect the ohmic value of X^^: 

Frequency (f) of the applied voltage and inductance (L). 
Expression : 

X = 2-fL {The ohinic value of X follows in the same direction 
of change as (f) or (L).) *" 

Purpose of inductors : 

Because inductors are "frequency sensitive" they are used in 
filtering circuits, phase-shifting circuits and special wave- 
form shaping circuits. 

POWER : 

A term used to describe electrical energy In the process of being 
converted and "supplied" by voltage sources, and being converted and 
"uied" by electrical loads... a complete system of energy conversion. 
Voltage sources convert other forms of energy to electrical energy 
and electrical loads convert electricbl energy to other forms of 
energy, or store electrical energy in magnetic or electrical fields. 

In keeping with the Law of Conservation of Energy, P , the pov;er 

'used' by elelctrical loads must always be equal to P. , the power 

( n ^ 

"supplied" by voltage sources. Electrical loads "tell" the source 
how much they need by the value of circuit current , in accordance 

with the relationships 'j • 

As a consequence, circuit current (I) is the common factor between 

P. and P . 

in out 

True Power : 

(Abbreviated T.P.) is considered to be P . "True" power describes 
electrical energy being converted to othiV^forms of energy: heat 



ERIC 
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Progress Check Sunmary 



and/or light. Res t stance is the only circuit cwnponent which 
**ubes'* **true'* power. 

Basic unit of measure: 



Watt (abbreviated W. or w) 
Express ion : 

T.P. = I^R (Watts = 3.^ X 

In "purely** resistive DC and AC circuits, with any load connection 
arrangement, total (true) pov/er (P^) is always equal to the sum 
of the Individual powers, 

£xpressio?i : 

Total 1 2 n 
Reactive Pov^er : 

(Abbreviated R.P.) is also considered to be P^^^* However, reactive 

povier is electrical energy that Is cc.iverted to another form of 
e lectrical energy . (Magnetic or electrical fields) when current flows 
Tn circuits which contain inductance and capacitance. In AC circuits 
(only) reactive power is stored in magnetic or electric fields and, 
at some later time, this electrical energy is returned to the source! 

Basic unit of measure: (Volt-amperes Reactive) (VAR) 

Expression: R.P. - 1^ (or I^X^) (VAR » a.^ x (reactive)) 

Apparent Power : 

(Abbreviated A. P.) Apparent Power Is always considered to be Pj^ 

Apparent Pov^er describes the power DC and AC voltage sources 
must supply to the total electrical load. 

Basic unit of measure: VA (Vol t- amperes) 

Expression: A. P. - Eal.|. (VA = Volts x amperes) 

In summary, P. » EaU and P ^ = I R- (for resistive circuits only) or 
- m T out 1 

P = I Z {tor rcoistive-reactive AC circuits only). Since P. = P^,,,* 
out 2 2 in out 

then Eal-j. = 1 (or I Z). Notice that circuit current (l) Is cofronon ... 

it appears on both sides of the equal sign. 
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Progress Check 
CAPAC I TANCE : 



Summary 



The property of electrical circuits which opposes any change in the 
value of circuit voltage is called "capacitance". Capacitors convert 
electrical energy In the form of voltage, to electrical potential 
energy in the form of an electrostatic (electrical) field that is 
created in the •'dielectric" material between two metal "plates" when 
the capacitor "charges". 



Synbol : "C" (for Capacitance) 

Basic unit of measure : farad (abbreviated uf. (microfarad) or pf. 
(pi CO farad) 



Schematic symbols: 



nxiD 



J- C| 



VARIABII 



^IOO-365|rf 



TtO-SOpI 



Phase relationship between current and voltage 



Whenever the value of voltage applied to a capacitor changes (increases 
or decreases), the capacitor charges or discharges so as to oppose the 
direction of change of the applied voltage. This action causes the 
displacement (charging or discharging) current into or out of the 
capacitor to LEAD the voltage applied to the capacitor (E ). As a 
consequence, capacltive circuits cause the current to leaS the applied 
voltage as shown by the expression "ICE". In AC circuits, the 
current (0 comes before (ahead of) voltage U) In capacltive (C) 
circuits. (I) leads (E) . ~ 

Waveform diagram : 



Current reference: 

t leads E because t 
always crosses the 
tln^-base ahead of E. 



Voltage reference: 
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Progress Check 



Sunwiiary 



Vector diagram : 

Current reference: 

Vectors and reference 
both rotate. (!) ib 
always displaced from 
by a LEAD of 90''. 



Voltage reference: 

Capac i t i ve reactance : 

In AC circuits, the value of applied voltage Is changing at the 
same rata as the frequency of the applied voltage. This produces 
an average value of opposition to circuit current (sometimes 
referred to as '•counter-voltage" because the polarity Is always 
opposing the polarity of the applied voltage). This opposition 
has the same effect upon alternating current as resistance has! 
In other words, capacltive reactance Is opposition offered by 
capacitors to alternating current . 

Symbol: '^X^*' (**X** represents reactance and ''sub-C*' represents capacitance.) 

Bus tc unit of measure : ohm Symbol : 

Factors which affect the ohmic value of : Frequency (f) of the applied 
voltage and Capacitance (c) . 

Expression : 

m - ^^ Y q ^^^^ ohnic value of X^. is always In the opposi te di rect Ion 
of change of (f) or (C).) 

Purpose of capacitors : 

Because capacitors are '^frequency sensitive*'. They are used in 
filtering circuits, ph^^se-shl f ting circuits and special wave-form 
shaping ci rcui ts. 



Progress Check 
IMPEDANCE: 



Sunwnary 



The total opposition to aliernating current in any AC circuit Is 
cal led impedance . 



Symbol : ''Z*' 

Basic unit of measure: ohm 



Symbol : 



The impedance (Z) of alternating current circuits is composed of 
resistance (R) and/or reactance (X) . 

Expressior? : 

RL C I rcui ts : Z 



RC Circuits: Z - 'r^ + (-X^^) 

^ C 



indicates Ea lags i 



Waveform and Vector Relationships : 

AC circuit voltages (Ej^), U^) , (E^) and (Ea) are vector quantities. 

AC circuit oppositions (R) , (X^) , (X^) and (Z) are also vector quantities- 



RL Circuit: (R « X^) 
Waveform diagram: 




RC Circuit: (R 
7- Waveform diagram: 




Vector diagram: 
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Progress Check 



Sunirary 



RELATIONSHIP BETWEEN r^, Ea and Z. 



Ohm's Law: 



The (value of) total circuit current (1^) is directly propor- 
tional to the (value of) applied voltage (Ea) and inversely 
proportional to the (ohmtc value of) total circuit opposition 
(2). 

E 

Expression : ^ 
Relat ionship : 

Whenever the value of i- changes , the direction of the change will 
always be such as to follow the direction of change in the value of 
appl ied vol tage (Ea) or, in the opposite direction of change in the 
value of impedance (Z). However « you must understand that the 
direction of change in the ohmic value of (Z) Is ALWAYS determined 
by the direction of change In the value of resistance (R) , In ohms, 
the value of inductance (l). In henries, the value of capacitance 
(C) , in farads, or the frequency (f). In Hertz, of the applied 
vol tage. 



HOW TO USE THE EXPRESSIONS FOR (X^^), (X^), AND (Z) , WITH OHM'S LAW, TO 

ANALYZE AC SERIES RL OR RC CIRCUITS WHEN (f), (l) , (C) OR (R) IS INCREASED 
OR DECREASED: 



RL CIRCUITS; 



C ircui t diagram : 




out 



RL Series Circuit Relationships : 



Current: \j « » « M3 



/ 2 2 
Voltage drops: E^ » + Ej^^ 



Note: Ea » E- = E. E, , = Ml 
T m LI 



Rl 



£ , » M2 
out 



/ 2 2 
Impedance: 2 * R^ * '^li 
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Progress Check Summary 

Test Situation : 

The frequency (f) of Ea (or Ej^) is DECREASED, (f 9) 
Effect of change In (f) on reactance: 2 f^ Lj « ^ 

Effect of change In (f) on Impedance: R, + X, , 

Effect of change in (f) on circuit current: (Ohm's La\v) « 

The indication on M3 should INCREASE. 

Effect of change In (f) on circuit voltage drops: 

't(^ ^ ^l" " ^Rl d) Indication on M2 should INCREASE. 

• jg^ X Xj^j9 » Ej^j9 The Indication on Ml should DECREASE. 

— 2 TST 

Ef^, ^ + Ej_j X = Ej-* NO CHANGE in the value of total 
™ voltage drop. 

VECTOR ANALYSIS OF THE CHANGE: 



Shows value of 



before^ (f) 



WAS 



(Z) 

DECREASED 
Shows that 
value of (2) 
has decreased 



iropedence 
triangle 



n 



/ 

Oholc value of (R) 
does NOT CHANGE when 
(f) changes 



for a 



limit 
fixed 




total voltage drop 



Pojnt 
Point 



(A) : 

(B) : 
or. 



= 0 
= 0 
= 0 



Shows NO 
CHANGE In 
total voltage 
drop. 



. voltage 
* trlangJe 



Shows angle (S) \shows direction of 
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rcbs Check Summary 
ftLTER CHARACTEHISTItS STUDY GU lUt 



Purpose: 

The purpose ot any tiller circuit is to ''pass'* a desired range or 
**bund'' of frequencies and eliminate (roject or discriminate against) 
all other f requenci es . 

The term "p^*>^** means that the amplitude of the output voltage fur 
all frequencies "passed** by the filter circuit will have high 
enough amplitudes to be used, or is useable , by other circuits- 

The term ''eliminate" or "discriminate" means that the amplitude 
of the output voltage for all frequencies eliminated or discrimin- 
ated against by the filter circuit v^ill not have high enough 
amplitudes to be used by other circuits. 

Types of filter circuits: 

Low-pass - Output voltage amplitude of all **low" f requi-nci es, below 
the cut-off frequency (f ), is useable. 

CO 

Discriminates against "high" fre<|uencies (all frequencies a bove 0^^)* 

High-pass - Opposite of the lov/-pass filler. Output voltage amplitude 

of all "high" frequencies, above the cut-off frequency 
useab le. 

Di scr iini nates against "low" f requei»ci<-*s (all frequencies below (f^^^)- 

Band-pass • Output voltage amplitude* of all frequencies within a 
qiven rjnge av "band" of frequencies is useijbl<*- Henct? , tfio term 
"band-p.iss". 

Discr i^*^': nates against all frequencies above the upper cut-off 
frequency, and below the lo^^er cut-off frequency. 

Band-Ll iminator - Opposite of the band-pass filter. Output voltage 
aMiplitude of all frequencies within a given "band" is not useable 
discrimates against these frequencies. 

All frequencies above the upper cut-off frequency, and below the 
lovyer cut-off frequency have useable output voltage antpMtudos. 

Also called "band-reject" filter, "band-stop" filter or "wavetrap". 

Cut -off frequency (f ): The cut -off f requi-ncy wf a filler circuit 

is the frequency of tHe applied voltaqe at which the amplitude of 

the output voltage (E ) is equal to ttie 0./07 (70.7^) <^*f the applied 

(input) voltage (£-^)^" ^^oui " ^'^^^ ^ ^'n^ ^^^^^ output voltage 
(at any frequency is greater that 70./ of the input voltage, the 
amplitude is considered to be "useable".) 



Progress Check 



Summa ry 



NOTE: The frequency at which the above condition occurs in low 
pass or high pass filter circuits is determined by the value of 
R and L for RL circuits, R and C for RC circuits, and the value 
of L and C for LC filter circuits. 

The upper and lower cut-off frequency of any RLC band-pass or 
band-eliminator filter circuit is determined by the value of 
(L) , (C) and "a" of the circuit. 

^. Filter response curves: Output voltage (Eq^^) vs. frequency (f ) . 

Low-Pass High-Pass 

RL, RC or LC Circuit RL, RC or LC Circuit 
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Progress Check 



Swwiary 



Band-Pass RLC Circuit 



^nd-El iminator RLC Circuit 




ffrequenqr 



5. Any filter circuit, low-^pass, high-pass, band-pass or band- 
eliminator can be simplified and analyzed using a basic circuit 
arrangment that you learned to analyze in Module 5- a series 
circuit with tv>^ resistors, one of which Is variable. 




The analysis of either circuit follows the same pattern: 

DC Circuit . Let's assun^ the ohmic value of R2 is increased (by 
turning Its control knob}« This change should cause the value of 
total circuit opposi t ton to current (R-) to increase. The direction 
of change in R^ causes the total circuit current (i.) to decrease 
(Indication on M3 should decrease). The direction of change in 1.. 
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Progress Check 



Summary 



causes the voltage drop across Rl to decrease (Indication on Ml 
should decrease) and the voltca* drop across R2 should increase (as 
should the Indication on M2), because the total voltage drop across 
Rl and R2 (tj) must be equal to the value of E^. 

Filter Circuit . Let's assume that the frequency (f) of the applied 
voltage (E ) Is Increased, and that the increase in (f) causes the 
variable opposition to current in the box marked "frequency sensitive" 
section, to increase. This direction of change causes the value of 
total circuit opposition (Z) to increase. The direction of change 
in Z causes total circuit current (1^) to decrease (indication on M3 
should decrease). The direction of change in l_ causes the voltage 
drop across Rl to decrease (Indication on Ml should decrease) and 
the voltage drop across the "frequency sensitive" section Increases 
(as should the Indication on M2) because (E^), the vector sum of the 
voltage drop across Rl and the "frequency sensitive" section, must be 
equal to the value of E . {Hate: Changing the frequency of the 
voltage applied to a fifter circuit is NOT the same thing as changing 
the value of the applied voltage. The frequency of E Is stated In 
Hertz , whereas the value of E Is stated in volts . W^en analyzing 
AC circuits In which the frequency of E is increased (or decreased), 
you must assume that the value of E (1^ volts) has not changed.) 



Conclusion . The "frequency sensitive" section of the filter circuit 

acts just like the variable resistor in the DC series circuit. In 

«' ther circuit, the value of voltage drop across the variable opposition 

to current flow "follows" the direction of change In ohmic value. In 

other words, "As an opposition changes, so goes Its voltage drop ." 

(This "rule" has two exceptions, both of which are explained on 

page 303 of this booklet.) 

6- RL Filter Circuits 

Circuit Diagram: Voltage drop vs. frequency curves: 
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Progress Check Summary 

Analysis of PI filter circuits when the frequency (f) of the 
applied voltage (E } is Increased from a lovv value to a higher 
va 1 ue . 

K Effect of an increase in (f) on the ''frequency sensitive'* 
( reac t i ve ) componen t : 

2 f * L • = Xj^* (increases) 

2. Effect of the change In inductive reactance (Xj^) on 
circuit impedance (Z) : 



'r^- + Xj^^^ » Zt (increases) 

3- Effect of the change In (Z) on total circuit current (fj): 
E ^ 

~ \yi (decreases) 

Effect of the change in (l_) on the voltage drop across (R) 
and (L): 

Resistor: 1^4 x R-'- = E^^^ (decreases)'^ 

Inductor: l^; x X^^^ =* E^i (increases)-^ 

The vector sum of and E^^ will always be equal to the 

value E . 
a 

Note: All changes are in the opposite direction when the value 
of (f) is decreased (from a high value to a lower value)* 

For all frequencies of the appliea votlage below (f ), the value 
of E- is greater than E, * (The ohmic value of R Is greater than 
X^) ^ ^ 

When the frequency of £^ is adjusted to f^^, = E^ (point "X'*); 

X, ^ R, = i45° and E - 0.707 x E. (point ''X*')- 
L — out in ^ 

For all frequencies of the applied voltage above (f ), the 
value of Ej^ is greater than E^^- (The ohmfc value o?^Xj^ is 
greater than R) 

Cut'off frequency: The frequency at which X^^ = R can be determined 



using the expression f = -r— 7- 
^ CO 2itL 
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Progress Check Summary 
5. Effect of a change In the value of (R) or (L) on f : 

CO 

Increased (R) Increased (L) 




6. Possible arrangements for RL filter circuits: 

Circuit Diagrams: Response Curves: (£ vs. f) 

out 




Ptogresb Check 

7. RC Filter Circuits 
Circuit Diagram: 



Strnmary 



Voltage drop vs. frequency curves: 




Analyses of RC fitter circuits when the frequency (f) of the 
appliec voltage (E } is Increased from a low value to a higher 
va 1 ue . 

1. Effect of an Increase in (f) on the '^frequency sensitive** 
(( r^act i ve) component : 

^ » X- I (decreases) 



2': ft C- '^C 

2. Effect of the change in capacitive reactance (X^) on circuit 
impedance (Z): 

R^- + {-X^O^ » 2^ (decreases) 

3. Effect of the change in (Z) on total circuit current (!-j-): 

E ^ 

•r^' = l_t (Increases) 

L ^ I 

Effect of the change in (ly) on the voltage drop across (R) 
and (C): 

Resistor: x R-^ = (increases)^ 

Capacitor: x = E^4 (decreases)'- 

The vector sum of E^^ and E^ will always be equal to the value of 

E . 

a 



Progress Check 



Sunmary 



NOTE: All changes are fn the opposite direction when the value 
of (f) is decreased (from a high value to a lower value). 

For all frequencies of the applied voltage below (f ), the 
value of E is greater than E_. (The ohmic value of°X is 
greater th5n R) C 

When the frequency of is adjusted to f^^, E^ = Ej^ (point "X") ; 
- R. /o - i»5* and E^^ = 0.707 x Ej^ (^int "X"). 

For all frequencies of the applied votlage above (f ), the 
value of E is greater than E (the ohmIc vlaue of fi^is greater 
than X^). ^ 

Cut-off frequency: The frequency at which X » R can be 
determined using the expression f » ^ ^ 

"■^ ATT RC 



CO 



Effect of a change in the value of (R) or (C) on f 



CO 



Increased (R) 



Decreased (C) 
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Progress Check 

Possible arrangements fo 
Circuit Diagrams: 

R 




HfGH>PAS5 



Summary 

RC ft Iter circuits: 

Response Curves: E 



0.707 - 

I 

n 
S 









^ ^ 














frequency 


— ^ 
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Prut}r»?ss Chock 

SuRvnary 

8. Series. RLC Band-Pass/Bdnd-E Unji nator Tiller Circuits 

Circuit Oiogran,: Voltage drops vs. frequency curves 
O 



, BANO 
ELIMINATOR 




0.707- - 



Ufobte 




Analysis of series RLC filter circuits v^en the f requency 7f ) "of 
the applied voltage (E ) is Increased from a low value to a 
higher value. 

1. At low frequencies, the "frequency sensitive" (reactive) 
components have the following relative values: 



^ *^Lo'- ' ^ ^ISHii value) 



2.f^^C "C 



( large value) 



Effect of an increase in (f) on the "frequency sensitive" 
V reactive; components: 



2 ftL» = Xj^t (increases) 



27iffC >- " '^C* (decreases) 



3. Effect of the change in net. reactance (Xj_ - X^)* on circuit 
» impedance (2): 

^ * ^^L^ * ^C'^ " (decreases) 
The difference between the value of Xj_ and X^. is decreasing. 

^. Effect of the change In circuit impedance (2) on the value 
of total circuit current (U): 
E " 

Z~4 ' 't^ (Increases) 
^' (L)*and°(C)^* ^"^^"^^ °" voltage drop across (R) , 
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Progress Check Summary 
Resistor: 1-j.t x « Ej^t (Increases)- •■• 
Inductor: l^t x Xj_+ « E^^t (increases) 
Capacitor: l^f x - l^i (decreases)-* 
Inductor and Capacitor: (E^t - E^O i (decreases)-'*^ 

The vector sum of Ej^ and the value of (Ej^ - E^,) will always 
be equal to the value of E^. 

When the frequency of E^ Is Increased to the lower cut-off 
frequency, - (E^ " E^) . point "X" on the voltage curves. 

NOTE: For aM frequencies of E , below (f ), the.ohmlc value 
X^ l-i greater than X, ; consequently, the vSlue of E- Is 
gfeater than E so the circuit appears capacltlve tO the 
source: 1^ leads E . To see the equivalent series circuit, 
cover the Inductor %l) of the circuit diagram. 



Circuit diagram: 



Voltage vs. frequency curves: 



t 



BAND 
iUMINATOR 



i 1 



BAND 

PASS 



1 




Analysis of series RLC filter circuits when the frequency (f) of 
the applied voltage (E ) is Increased from the lower ^ ^ to 
(f ) designates the "risonant" frequency of an RLC cIrCult. 
{f°) is the frequency of the applied voltage which causes the 
va*?ue of X, to have the same ohmic value as X^.. Note: Any 
frequency 5f E , can be a "resonant" frequency, it all depends 
on the value o? (L) and (C) in an RLC circuit. 

When the frequency (f) of the applied voltage is adjusted to the 
frequency which causes "resonance" the following circuit conditions 
exist: 
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Progress Check 



Summary 



1. Net. circuit reactance: has decreased and Xj_ has increased 
until, at f^. Xj_ - Xj.; consequently, the difference between 
these two values (X^^ - X^) Is zero (or minimum) . 

2. Effect of minimum value of net circuit reactance on circuit 
impedance (2): 

''R^ + (X^ - X^)^ - V + (0) - Z (At f^, 2 - R) 
The value of (2) Is minimum . 

3. Effect of minimum circuit impedance (2) on the value of total 
circuit current (I-): 

E ' 

2 ' ' * l-r (maximum) 
min 

k. Effect of maximum value of I on voltage drop across (R) , 
\L) and (C; : ' 

resistor: l^(max) x R - E^ (maximum) 
inductor: l^(max) x X^ - Ej_ (very large value) 
capacitor: l^(max) x X^. - E^. (very large value) 

Inductor and Capacitor: (E^ - E^.) - 0 (minimum) 



Circuit Diagram; 



Voltage drop vs. frequency curves; 



. BAND 
ELlAfUNATOft 



4 1 



BAM) 
MSS 

t 

i 

i 

— o 



I 




31^ 



Progress Check Summary 

Analy^jis of series RLC filter circuits when the frequency (f) of 
the applied voltage (E^) is increased from f^ to the upper f^^. 

1. When the frequency of £ is the resonant frequency, the 
tollovving circuit conditions exist: 

Xj_ = Xj.; therefore, - X^.) » 0. Z is minimum (equal to R) 
Ej_ = E^; therefore, (Ej_ - E^,) =0. is maximum (equal to E^) 

Since the value of (Z) is minimum, 1^ is maximum . 

2. Effect of a further increase in (f) on the "frequency sensitive" 
(redcLivc) Components: 

?"f*L- = (increases) 2-f\c"- ° ^C' (<^^^^^^^^^^ 

3. Effect of the change in net^ reactance (Xj^ - X^.)- on circuit 
impedance (Z) : 

'r + (Xj^t - X^O » Zf (increases) 

■tThe difference between the value of X and X^, Is n<M Increasing, 
because the value of X^^ is greater than X^. 

k. Effect of the change in circuit in^jedance (Z) on the value of 
total circuit current (U): 
E . 

« (decreases) 
z * r 

5. Effect of the change in 1^ on the voltage drop across (R) , (L) 
and (C): 

Resistor: 1^+ x R" - Ej^* (decreases) 

Inductor: \ji x X^i = Ej_t (increases) 

Capacitor: f^* x K^t « i^i (decreases) 

Inductor and Capacitor: (EJ - £^.0 t (increases) 

When the frequency of E is increased to the upper cut-off frequency, 
E- = (E, - Ep), point "f" on the voltage curves. Note: For aP 

frequencies of E^, above (f^), the ohmlc value of Xj^ is greater than 

Xj.; consequently, the value of E^^ li greater than E^., so the circuit 

appears inductive to the source; 1^ lags E^. To see the equivalent 

series circuit, cover the capacitor (C) of the circuit diagram. 



320 



Summary 



Progress Check 

Resonant frequency (f^): 

When the frequency (f) of is such that the ohmic value of X 

is equal to X^. for any RLC circuit, that frequency is called 

the "resonant" frequency. The value of (f J for any RLC circuit 
is determined only by the values of (L) anS (c) in the circuit. 



f L- or f 



vILc 



Effect of changing the value of (l) of (C) on the value of (f ) • 

o 



Decreased (L) 



increased (C) 




■ frequency - 




Possible arrangements for series RLC filter circuits: 

Circuit Diagrams: Response Curves: (E vs. f) 

out ' 
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Progress Check 



Pub^lble urranqements for series RLC filter circuits (con*t): 

Response Curves: (E 



Circuit Didgramst 



oul 




Eoyt 




Sunwary of Series RLC Circuit Conditions: 




Ire^iency » 
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Progress Check S^^^^^ 
Circuit conditions beto^v resonance: 

1. The ohmic value of X is larger than X . 

*• L 

2. Z is a large value (due to large value of X ). 

3. 1^ is a small value (due to large v««lue of Z) . 
^. larger than . 

5. .:, - E^) is large (due to large value of E^). E^^ Is small. 

6. The circuit appears capacitive fo the source: 1.^ leads E 

T a ' 

C'cuit conditions at^ resonance: 

1. The ohmic value of X i« qqual to X 

2. Z is minimum (equal '.o the ohmic value of R.) (X. - X ) « 0 

3. 'j "5 maximum (due to the minimum value of Z) 

is equal to E^ (very large voltages). 



5. '5 maximum, (E. - £^) Is 



mi nimum. 



6. The circuit appears resistive to the source: 1^ in phase 

with E . ' ^ 

a 

Circuit conditions above resonance: 



1. The ohmic value of X, is larger than X^ . 

2. Z is a large value (due to large value of Xj^). 

3. Ij is a small value (due to large value of Z) . 
A. E^ is larger than E^. 

5. (Ej^ - E^) is largfl ot- to large value of . E^ is small. 

6. The c'.cuit appear inductive to the source: 1^ fags E 

T — a" 
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An Except iurt to the ''Rule" about Circuit VolUge Drops: 




04AMGES m nmd. 



One of the niost useful **rules'* you can learn to help you understand 
the vollufiu relatioftships In electrical circuits is the one that 
states: *'as an opposition (K, X or Z) chaf«ges , so goes its voUaqi- 
drop/* In other v\^rds, the volta^ drop across an opposition should 
'MoHow** tKe change in opposition. An exception to this ''rule" 
occurs in high-Q RLC series circuits when the circuit is iiiade resonant 
by adjusting the frequency of E or *'tuning" (changing the value of 
C or L), ^ ^ 

In the diagram above* note that as the frequency of E^ is increased 
from f, towards f , X„ decreases; Z decreases, so 1^ incrt-ases- The 

1 o C I 

change in is small, whereas the change in !^ is very large. Even 
though Xj, decreases, the drastic Increase in 1^ causes the value of 
to increase (fj^ x = E^^)* exception to the aforement lotied 

••rule**- In a similar manner, when the frequency of E is decreased 

a 

from towards f , X, decreases; Z decreases so f- increases. Even 

2 c L « 

though Xj^ decrease^, the drastic change in f^ causes the value of 
to incrc-ase (l^t x X^^i = E^l): the other exception to the "rule'*. 

Voltage ••gain'*: At resonance, hIgh-Q KLC series circuits have voltage 
*'gain*' (when the voltage drop across (L) or (C) is considerc<f. ) When 
circuit resonance is approached, from either direction, the impedance 



Pr .ress Check Summary 

(Z) of the circuit decrea^.es sharply with a corresponding drastic 
increase in total circuit current (I ). The large current causes 
the individual voltage drops across \L) and (C) to increase to very 
high voltages at resonance. (In some circuits, it is possible for 
the value of E (and E-) to be many times the value of E !) The 

large increase in value of E^^ (and E^.), at resonance, is called 
voltage "gain". 

Note: Voltage "gain" Is very useful in series RLC band-pass filter 
circuits, particularly when the coll (L) Is the primary of a 
transformer. Also, the voltage and current rating of the parts 
used In high-Q RLC band-pass and band-eliminator filter circuits 
must be capable of handling the large current and high voltages 
which can occur when a circuit is caused to be resonant. 



"Q": The "Q" (for Quality) of a coil is a number that represents 
the ratio of energy stored (In the magnetic field of the coll) to 
energy used (converted to heat) by the "effective resistance" of 
the coil. There are two kinds of "Q": Q and 0 

coil ^ckt* 

^coir °^ ^coil determined by the following relationship: 

^ff \ff "«eff^ -^coilJ 

(Refer to the example in the parentheses above.) Within the limits 
of the frequency range for which It is designed, the value of Q 

should not change with changes In frequency of E . This Is because 
the ohmic value of R^^^ (due to "skin effect" anS "proximity effect") 

changes in the same direction as the value of X, when the frequency 
of £^ Is changed. ' 

^ckt" ^ckt determined by the following relationship: 

^=0 ^ 2iTf^L-> ^ 

Rj *^ckt R^ ' R^^ ' ^cktf 

In the case of Q^^^^. the total resistance of the circuit includes the 

ohmic value of R^^^ of the coil. The value of Q^^^ should always be 

smaller than Q^^.j. As with Q^^.^, the value of follows the direction 

of change in frequency of E^; however, unlike Q^q-j, the effect of any 

change in value of R^^^ (normally a small ohmic value) is "swamped" 

(reduced) by other resistances in the circuit. (The value of total 
circuit current is also less.) The "swamping" effect of other circuit 
resistances causes the value of Q^j^^ to change when the frequency of 

is changed. As a consequence, the lower value of Q^^^^ Is used as 

the figure to determine the bandwidth of RLC bandpass and band-eliminator 

ERIC 
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Bandwidth: This term is used to describe the number of frequencies 
contained within the "*band'* between the upper and lower cut-off 
frequency occurs is determined by Q^j^^ In accordance with the 

fol lowing relat ionship: 
f 

^ — = Bandwidth (B.W.) 
^ckt 

(fkjte: Use of this relationship assumes that f^, the frequency of 

E which causes the filter circuit to become resonant, is the 
a 

center frequency within the bandwidth.) 

Bandwidth may also be determined by subtracting the lower cut-off 
frequency (fj) from the upper cut-off frequency (f2) follows: 

(upper f - lower f ) = (f-, - f J = Bandwidth (B.W-) 
CO CO 2 i 

Low-Q circuits (Q*s less than 10) have wide bandwidths, (Many 
frequencies between f^ and f 2) , and high-Q circuits have narrow 

bandwidths (fewer frequencies between f* and f^) - The higher 



the value of Q 



•ckt* 



1 — '2- 

the narrov^er the bandwidth of the circuit 



The illustrations show how the bandwidth of RLC filter circuits 
fs affected by the value of Q^j^^- 

9. Effect of Value of **Q'* on Bandwidth of Filter Circuits: 



NfWS- 

mi 




Radio Station Frequencies In KHz 
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To see how the value of Q,^^^ affects the output voltage vs. 

frequency response of band-pass filter circuits, let's assume 
that you live in a town which has three radio stations that are 
close together, as far as their broadcasting frequencies are 
concerned. You want to listen to the station which broadcasts 
on a frequency of 89O KHz., but the filter circuits In your 
radio have a low value of "Q". Now, refer to the low-Q band- 
pass filter response curve on the diagram. It has a wide 
bandwidth . As a consequence, there Is a useable output voltage 
ampl i tude at the frequency of each radio station .... they are 
all being "passed". With this kind of response, when you tuned 
the radio to 390 KHz., you would hear all three radio stations 
at the same time! Now look at the curve for the high-Q band-pass 
filter circuit. It has a narrow bandwidth . When the filter 
circuits in a radio have this kind of response, only the frequency 
of 890 KHz (5KH2 on either sId- of $90 KKz) will have a useable 
output voltage and be "passed". By comparing the two response 
curves, you should be able to see that the frequencies of the 
other two radio stations are effectively filtered out by the 
narrow bandwidth of the hIgh-Q filter circuit. 

Note: The ability of filter circuits to discriminate between 

frequencies that are close together is called "selectivity". 

{Lc»v-Q circuits are i.ot as frequency selective as high-Q circuits. )" 

The diagram below shows how the value of Q.^^^ affects the bandwidth 
(and the selectivity) of band-eliminator filter circuits. 




860 'sici WO 



Radio Station Frequencies in KHz 

10. "Tuning" of RLC Band-Pass Filter Circuits; 

"Tuning" is the process of changing the value of (L) or (C) of 
an RLC filter circuit so It will be resonant to a different 
frequency of .ipol led voltage. (The most common method Is to 
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change the value ol (C) , ubtng a variable capacitor.) The follov^ing 
diagrams illustrate what happens to {fji and bandwidth of a band-pass 

filter circuit when the value of (C) is changed. 

tn figure 1, the LC product of the circuit makes it resonant to 
an applied voltage with a frequency of 89OKHZ. When the circuit 
is **tuned*% by increasing the value of (C) , the circuit is 
caused to be resonant to a lower value of Notice that the 

bandpass curve shifts and centers itself over the new value of 

(V- 



Figure \. 




560Khx 



890KII1 



In Figure 2, the cin-uit is tuned to a higher value of (f^) by 



decreasing the value of (C) . In this case the band-pass curve 
shifts and centers itself over the new, higher value of (f^) • 



1 



f i 
o 
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Figure 2. 



Summary 




Notice that there is no appreciable change in circuit 

bandwidth when the circuit Is tuned. This is because the 

*/alue of Q^j^^ changes In the same direction as f^; consequently, 

the bandwidth remains essentially constant. 

11. RLC (Parallel L-C Tank) Band-Pass/Band-El iml nator Filter 
C I rcui ts 

Circuit Diagram: Voltage Drop vs. Frequency Curves 




usable 



freq. 



Analysis of RLC filter circuits (represented by the diagram 
above) when the frequency (f) of the applied voltage (E ) is 

a 

increased from a lotv value to a higher value. 



Progress Check Summary 

1. At Jlav frequencies, the "frequency sensitive" (reactive) 
components have the following relative values: (L) and (C) 
are connected in parallel; therefore, = E^.. The ohmic 

v.ilue of Xj^ is small, so Ij^ should be large. The value of 

is ^arge, so should be small. (The value of \^ is greater 

than Ij..) 

2. Effect of an Increase in (f) on the "frequency sensitive" 
(reactive) components: 

h 1 

Inductor: 2itf + L» = X^l )fT " *^ Capacitor: ^ ' trft ' c* " ^c* 

3. Effect of changes in value of Ij^ and 1^ on total circuit 

current (U. , also called I,. : For the circuit arrangement 
T 1 1 ne 

sho^vn, the value o* is equal to the di f ference Lotween the 
values of lj_ and (II " ^q) = 'line^ 

(1^* - «c'^ " 

As (f) of E is increased towards the lower f , the value of 

a CO 

(\^ - 1^) decreases; therefore, \j must decrease. Since 1^ = 
1^, the value of 1^^ must also decrease. 

^4. Since the value of is decreasing, the value of total 

circuit impedance (2) imjst be increasing. The value of (R) 
has not changed, so the increase in (Z) must be caused by the 
L-C tank. 

5- Effect of change in total circuit current (1^) on circuit 
voltage drops: 

Resistor 1^4 x R- = (decreases)-'- 

L-C Tank 1^4 x Z^^^^^ = E^^^^^ ( increases)^^ 

-The vector sum of and E^^^j^ must be equal to the value of 
E . Note that the direction of change in voltage drop across 
the U-C tank "follows" the change in value of ^j^^^- 
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When the frequency of E is increased to the lower cut-off 

a 

frequency, » hank' ^^^'"^ <3n the voltage curves.) 

Note: For all frequencies of E , below f , the value of X 

a o t 

is less than X^ ; therefore, the value of J^^ is greater than 1^ 

The circuit appears inductive to the source. U laqs E . To 

T ^ a 

see the equivalent series circuit , cover the capacitor (C) of 
the circuit diagram. 



Circuit Diagr^: 



Voltage Drop vs. Frequency Curves: 



1 



BAND 



0.707- - 



BMiD 
fllMINAm 



-O 




CO 



-freq. 



Analysis of RLC filter circuits (represented by the diagram 

above) when the frequency (f) of the applied voltage (E ) is 

a 

increased from the lower f to f . (f ) designates the 

CO o o 

"resonant" frequency .f the L-C tank. (f^) is the frequency 

of the appMed voltage which causes the value of X^^ to have 

the same ohmic value as X . Note: Any frequency of E can be 

a resonant frequency depending upon the value of (L) and (C) 
of the L-C tank. 

When the frequency (f) of the applied voltage Is adjusted to 
the frequency which causes "resonance" the follow.ng circuit 
conditions exist : 

1. Reactance: X^^ « X^ (L) and (C) are connected in parallel; 

2. Current: - -ii = | = | - | . 

«i A- L C Circulating 
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Within the L-C tank, the circulating current (I maximum. 
(Limited only by the resistance in the tank.) 

^^L " 'c^ ^ *T ^o' *L ' 'c* ^^c'"®^^^^* value of (Ij^ - 

= 0. 

Total circuit current (l^) is mininum , (Note: The mfntnium value 
of 1^ depends on the value of Q^j^^) 

3. Impedance: When the tank is made resonant. It offers maximum 
opposition (Z) to circuit current. 

Total circuit impedance (2) is maximum. 

Circuit voltage drops: 

Resistor: l-j.(min) x R = (minimum) 

inductor: I . (mcx) x X, E, (maximum) 
circ L L 

Capacitor: I • (max) x X- = (maximum) 
^ circ C C 

L-C Tank: Ij(min) x ^j^j^j^^'^^) ^ ^Tank ^'^^^^^^ 



Circuit Diagram: 



Voltage Drop vs. Frequency Curves 



BAND 
PASS 



0.707 



I 



P ^ AAND 
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Analysis of RLC filter circuits (represented by the diagram 
when the frequency (f) of the applied voltage (E ) is 

increased from f to the upper f . 

O '^^ CO 

1. When the circuit Is resonant, the following conditions 
exist: X^^ * X^; (l) and (C) are connected in parallel, so 

" ^C* 'l ° *C ^'so the value of i^.^^. (Z) is 

<'t^ ^Jank maximum; is minimum . 



2. Effect of an increase in (f) on the "frequency sensitive" 
(reactive) components: 

Inductor: 2:<f f = X^^f = 1^. Capacitor: —I— = x^.^ 

^C, ' 

3. Effect of changes in value of \^ and 1^ on total circuit 
current (l.^.), also called 1^.^^: For the circuit arrangement 
shown, the value of 1^ is equal to the difference between the 
values of and 1^.. (l^ - |^) - ,^ (or I , . ^ J 

As (f) of E is Increased, frorr. f towards the upper f , | 

o CO C 

becomes greater than l^^. The value of (l^^ - |^) Increases; 

therefore. I_ must increase. Since l„ = |_. the value of I 

K T R 

must also Increase. 

A. Since the value of 1^ Is increasing, the value of total 

circuit impedance (Z) must be decreasing. The value of (R) 
has not changed, so the decrease In (Z) must be caused by the 
L-C tank. 

5. Effect of change in total circuit current (1^) on circuit 
voltage drops: 

Resistor: l^t x R* = Ep+ ( increases )■• 

L-C Tank: l^t x Z^^^^. = E^^^^i (de creases )-•■ 

■'■'The vector sum of and E^^^^^ must be equal to the value of E 

Note tnat the direction of change In voltage drop across th- 
L-C tank still "follows" the change in value of 

T<-nk 
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When the frequency of E is increa^^ed to the upper cut-off 



frequency* E- 



'Tank* 



(Point *'Y** on the voltage curves.) 



Note: For alt frequencies, of above f^, 



the value of !s 



less than X^^; therefore, the value of 1^ is greater than 1^^. The 

circuit appears capaci ti ve to the source: Ij leads E^. To see 

the equivalent series circuit , cover the inductor (L) of the 
ci rcui t diagram. 

12. Sumniary of Circuit Conditions: 

\ ! X 




Circuit conditions below resonance: 



1. 
2. 

3- 

k. 
5. 

6. 



The ohmic value of X^. is larger than X^ 
The value of Ij^ Is larger than 1^. 

IS a large value (due to large value of Ij^). 
Z Is a relatively sn^ll value. 

Ej^ is large, ^jgnk ^^^^ small vr.lue of 2^^^ 

The circuit appears inductive to the source: \j lags E^ 
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Circuit conditions at_ resonance: 

1. The ohmic value of Is equal to X^, 

2. The value of f^^ U equal to 1^.. (1^^ - 1^) « 0. 

3. ly is minimum. (Minimum value depends <X) 

4. ^Tank n«ximuffl. 

5. ^jgpi^ maximum. Ej^ Is minimum (due to minimum value of 1^). 

6. The circuit appears resistive to the source: 1^ in phase 
with E^. (L-C tank acts like a resistance with a large 
ohmic value.) 

Circuit conditions above resonance: 

1. The ohmic value of Xj^ Is larger than X^. 

2. The value of I- is larger than 1, . (1. - I, ) » i . 

3. ly is a large value (due to large value of 1^). 
k. 2 is a relatively small value. 

5. Ej^ is large. E^^^^^ Is small (due tc imall value of Zy^^j^) * 

6. The ciicuit appears capacitlve to the source: l_ leads E . 

■ 3 

Miscellaneous Circuit Characteristics: 
Resonant frequency: f « — or ' ^^^ 

Effect of changing the value of (I) or (c) on f : See page 321. 
Effect of "tuning": See page 327. 

Effect of Q^j^^ on bandwidth: See page 325. 
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Pobt^ibls arrangements for parallel RLC filler circuits: 
Circuit Di digrams: Response Curves: 

(E , vs. f) 

out 



I BAND 

A MS 




Iw^m y ■ 



-o 



C 

REJfCT 
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WAVE FORMS, VECTORS AND PHASE RELATIONSHIPS 



LEARNING OBJECTIVES : 

Recognize the relationship between {n*phase and out-of-phase a-c 
voltage waveforms and their corresponding diagrams In term of an^ll- 
tude, phase, magnitude and direction, given statements, written 
problems, waveform diagrams or vector diagrams. 

REFERENCES ; 

NAVPERS dJ'tOOA-IA, Fundamentals of Electronics, pages 156-160. 

Application Items: 

1. Identify the phase relationship of El with respect to £2 and the 
phase relationship of the resultant waveform with respect to El 
or E2 in terms of leading, lagging, or in-phase for the 
f o 1 1 ow i ng : 



El is 



E2, the 



El is 



E2, the 



resultant is 
El. 



resultant is 
E2. 



RiSiaTANT 





c. 



El is 



E2, the 



El is 



E2, the 



resultant is 



resultant Is 
E2. 



El. 



HSULIANT 




4 




BfSUtfANT 
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2. 



Identify the phase relationship of El with respect to E2 and 
the phase relationship of the resultant vector with respect 
to El or E2 In terms of leading, lagging, or In-phase for the 
fol lowing: 



a. El Is 

resultant Is 
El. 



E2, the b. El Is 



E2, the 



resultant is 
E2. 





c. El is 



resultant is 

EK 



E2, the d. El is 



resultant is 
E2. 



E2, the 




e. El is E2, the 

resu 1 tant Is 

E2. 



[7 



f. El is 



resultant is 
El. 



E2, the 
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3. Match the waveform diagrams with their corresponding vector 

diagrams. The resultant waveform has been omitted for clarity. 
(Hint: Observe the difference In amplitude of the various 
waveforms.) 



b. 




ress Check Summary 

Solve the following problems for the quantities Indfcated: 

a. Effective value of the resultant 

vo I tage : 

Draw a vector diagram that shows 
El, E2 and the resultant vector. 




K>Ov 



if the peatc value of Ei was increased by Vo vo1ts» what would 
be the magnitude of the resultant . 

b. Effective value of the resultant 

voltage? > 



Draw a waveform that shows £1 , E2 
and the resultant waveform. 



42.42vpk 



T38.28vpk 



9(f 



1 1 
mSf 270" UKf 



31*0 



Progress Check 



Siwnfnary 



S. Dr^w the vector diagrams that represent each of the quantities 
of the waveform iUustrdted telow: (Show relative ampiitude 
of the waveform. ) 




6* Draw the waveform diagrams that are represented by v ^'ector 
diagrams shown. (Show relative magnitude of vectors .i 
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I. Hm iuii t. iti«r .iiid tilt A J v<*lt- 

4^«- siMir, jf«- ill ii\ ^I'tifT*. 

tiuni \ Vi r V !i 1 ^liK 

At rt f « «i •^vi l<'s tofconant uircuft 

14 f s iiWf I r« <iitil4)r at Ic^w olnsic valuf. 

At f t stiif ift. « she viUtfi»;ft«N ai ru*<N L and C 
^r«' in ttiai;nituJt> hy 180 d«'gr4*«>s out 

of pfiimc u'iiU **Acb. oilier. 

At n-^* :tit>< I' « itif ^axBt* t'urrenc flows 

7. At I •'S4tn.in* ♦ (Ik* voltai^t' across fitht^r 
!. C a.iv be tj^reat^r than tliac of ih^ 
»**Mir*'i', >;iv{ni; fifsonanl voltage «tt?p-up- 

H At trsgnaiuv* in^-rcasini; thv valu<f of 
rt«*^i stance R lover a the circuit 
.urr4.*nt« tiiert^by lovt-ring Che resonant 

9, Oit r«'Monan<'e« .he circuit arts like that 
p.iri whi^rh has ih«- higher r»*a4:tanc<r. 
.1. I Hi' r easing C above \tn at-resonance 

value ffiaki^ft t\te « ircult act like a 

coi I . 

b. Reducing C below it^ at-rettonance 
value sakes the circuit act like a 
c<ipac i tor , 

ln»* easing I. above its at -resonance 
value sakts the' circuit act like a 
ivl \ . 

4. Ri'Jucin^ L below its at -resonance 
v.ilu*- sakeft the i.iri.uit act like a 
« Mpac it or , 

Applying a iiigher frequency than the 
r«'^o'iant one makes the circuit act 
like a ijoil. 
f. Applying a lowf frequency than the 
resonant one nakef; the circuit act 
like a i apac i tor. 

10. The pro4*u<.t LC ift ronfttant for any f^iven 
resonant frt^quency. 

11. incfea^^inK t or im •'.'asing C lowers the 
resonant frequencv. 

IJ. UecreaitfSng L or decreafting C raises the 
re«)onan t f requency . 

13. The 0 factor of the circuit is esften- 

tiallv eqial to t!ir coil reactance divid- 
ed hy the AC resistance of the coil. 



FARM I.KL-RESOXANT CIRCUITS 




i. 1h4' &:uil« the c^apacitof and tl^ AC 
voltage Huur^e are all in parallel. 

Jm Reftonance oc^urti when tlte reactance of 
L in equal to the reactance of C. 

3. At resonance, source current is a 
ainimua (very low}. 

4. At resonance, a parallel rescmmt circuit 
acts like a resistor cf high ohaic value, 

s. At resonance, the voltages across !• C« 
attd the source e all the saM in 
ttsgnitude and a. 

6. At resonance, ^ currents through L md 
C are essentially equal In magnitude but 
are ISO degrees out of phase. 

7. At resonance, the current through either 

L or C is great'^r than the source current* 
giving resonanL current step-up. 

8. At resonMce, increasing the vjilue of coil 
resistance R incraasas lim? currant, 
thereby lowering the resonant current 
step-up« 

9. Off resonance, the circuit acts like 
that part which has the lower raactance. 

a. Increasing C above its at-resonance 
value ttak^s the circuit act like a 
capacitor « 

b. Reducing C below its at-resonance 
value makes the circuit act lika a 
coil* 

c. Increasing L above its at-rasooance 
valua aakes the circuit act like a 
capac i tor . 

d« Reducing L below its at-^rasoamce 
value fi^kes tha circuit act like a 
coi2« 

e. Applying a higher frequency than the 
resonant one aakes the circuit act 
like a capacit^r^ 

f . Applying a lower f requency than the 
resonMt one sakes tha circuit act 
like a coil. 

10. The product LC is constant in any given 
ras<mant frequency- 

11. Increasing L or increasing C lowara the 
resonant frequency. 

12. Decreaeing L or decreasing C raises the 
resonant frequency* 

13. The Q factor of the circuit is assen^ 
tially equal to the coil reactance divid- 
ed by the AC rasistMca of the coil. 
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FORMULA SHEET 



■T 



U - I 



♦ + R, 

* P^ * P3 



E2-E3 



»2 

R, . R, 



3 •• 



n 



n 



n 



Rj EQ N 
1 



7373 — j: 



I E = IR R = y 



W 2 E 

Poi P-IE P-IR P»|- 



L e — 



+ L2 + L3 ... L 



n 



1 



L2 L3 



TC - J- Xj^ - 2TTfL 



n 



L 



E 

T 



C, ♦Cj 



1 



xnrrir 
«i =2 s 



n 



T.C. - RC 



Stannary 



- 2nfC *C fC 



P, - IE P, . \ P^ - I- 

E E E N I 

N N E N I 
p s s s p 

- Pc El -El 
p S p p s s 

% of efficiency - X 100 



INPUT 

¥t ^T-i; 



PA " E^l^ PA » Ij -Zj 

P. 

P^ » E^. !^(Cos /C) F - Cos /£_ » ^ 

A 

Z - R + jXj^ Z » R - jXj. 



z - vT)r R - z(cos /e) 



X « Z(Sin/e) 



CO 



1 , 1 

irRC o * 



TAN /O 



^R 



0 

R"" X 



^ \ 0 



S!N /6 



^ \ 0 



cos /e « 1^ « 2" ° S" 

A 

P 



6W - ^ 



•t- 'r- J'l 't 



«T - - 'l^ 



LINE 



'c 

TAN /e » -p- « -p- 
^R 'r 
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P X, 
^ckt P^ R^ 



